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A b s tr a c t .
The l i f e  c y c l e  o f  G. t u r c i c u s  h a s  b e e n  d e s c r i b e d  
b r i e f l y .  D i s t r i b u t i o n  o f  t h e  s p e c i e s  show s t h a t  
G. t u r c i c u s  i s  p r é d o m in e n t  i n  t h e  n o r t h e r n  h e m is p h e r e .
E x p e r im e n t s  c a r r i e d  o u t  a t  tw o h u m i d i t i e s  and  t h r e e  
t e m p e r a t u r e s ,  on d i f f e r e n t  p a r t i c l e  s i z e s  o f  v /h ea t show, 
t h a t  d e v e lo p m e n t  i s  q u i c k e r  on  c o a r s e r  p a r t i c l e s  f o r  
G. f e r r u g i n o u s , a n d  on  f i n e r  p a r t i c l e s  f o r  G. t u r c i c u s .  
I n c r e a s e  o f  t e m p e r a t u r e  w as f o u n d  t o  d e c r e a s e  t h e  
d e v e lo p m e n ta l  p e r i o d  o f  b o t h  s p e c i e s ,  b u t  a t  $ 2 . $ ^  G 
h ig h  m o r t a l i t y  o f  G. t u r c i c u s  o c c u r e d .  Low h u m id i ty  
a f f e c t s  t h e  d e v e lo p m e n t  o f  G. t u r c i c u s  m ore  t h a n  t h a t  o f  
G. f e r r u g i n o u s on w h o le  g r a i n  l a r v a l  m o r t a l i t y  w as 
100% i n  G. t u r c i c u s , b u t  a b o u t  60% i n  G. f e r r u g i n o u s .
The d e v e lo p m e n ta l  p e r i o d  o f  i n d i v i d u a l  s t a g e s  h a s  
b e e n  d e t e r m i n e d  a t  tw o  t e m p e r a t u r e s  a n d  h u m i d i t i e s .
The c a l c u l a t e d  lo w e r  l i m i t i n g  t e m p e r a t u r e  f o r  t h e  
d e v e lo p m e n t  o f  t h e  e g g ,  a t  a b o u t  64% R .H . i s  b e tw e e n  
1 2 -1 3  G f o r  G. t u r c i c u s , a n d  1 3 - 1 6 ^  G f o r  G. f e r r u g i n o u s
B r i e f  e x p e r i m e n t s  show t h a t  t h e  p r e f e r r e d  h u m id i ty  
r a n g e  f o r  e a c h  ^ e c i e s  i s  d i f f e r e n t ;  and  t h a t  b o t h  s p e c i e s  
c a n n o t  a t t a c k  w h o le  so u n d  g r a i n .
O b s e r v a t i o n s  on  l a r v a l  m o u l t i n g ,  c o c o o n  f o r m a t i o n  
a n d  l o c o m o t i o n  w ere  m ade; a n d  t h e  c o p u l a t i o n  f r e q u e n c y  
and  p r e o v i p o s i t i o n  p e r i o d  w ere  d e t e r m i n e d  e x p e r i m e n t a l l y .
The p a r t i c l e  s i z e  o f  t h e  f o o d ,  t h e  b e h a v i o u r  o f  t h e  
b e e t l e s ,  t o g e t h e r  w i t h  t e m p e r a t u r e - h u m i d i t y  c o n d i t i o n s  
p r e v a i l i n g ,  seem  t o  d e t e r m i n e  t h e  d i f f e r e n t i a l  d i s t r i b u t i o n  
o f  t h e  tw o  s p e c i e s  on  s t o r e d  p r o d u c t s .
The l i f e  h i s t o r y  o f  a  g r e g a r i n e , p r o b a b l y  a  new 
s p e c i e s ,  fo u n d  i n  t h e  l a r v a l  g u t  o f  C. f e r r u g i n o u s  h a s  
b e e n  d e t e r m i n e d .  I n  C. t u r c i c u s , a  c e p h a l i n e  g r e g a r i n e  
r e p o r t e d  f o r  t h e  f i r s t  t i m e ,  i s  p a r a s i t i c  i n  t h e  l a r v a  
a n d  i s  p r o b a b l y  t h e  same s p e c i e s  a s  t h a t  fo u n d  i n  
G. f e r r u g i n o u s .
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PART A
SECTION I
I n t r o d u c t i o n .
The tw o s p e c i e s  c o n c e r n e d  i n  t h i s  s t u d y  a r e  
C r y p t o l e s t e s  t u r c i c u s  ( G r o u v e l l e ) ,  a n d  C r y p t o l e s t e s  
f e r r u g i n e u s  ( S t e p h e n s ) ,  w h ich  a r e  among t h e  f i v e  s p e c i e s  
o f  C r y p t o l e s t e s  ( G a n g l b a u e r ) ,  commonly o c c u r i n g  i n  
s t o r e d  p r o d u c t s .  The o t h e r  s p e c i e s  a r e  C. m in u t u s  
( O l i v i e r ) ,  C. c a p e n s i s  ( W a l t l )  a n d  0 .  p u s i l l o i d e s  
( S t e e l  a n d  H ow e). Y e t  a n o t h e r  s p e c i e s ,  0 . u g a n d e  S t e e l  
an d  Howe, a l s o  o c c u r s  i n  s t o r e d  p r o d u c t s ,  b u t  t h i s  i s  
c o n f i n e d  t o  c e r t a i n  p a r t s  o f  A f r i c a  a t  p r e s e n t  
( L e f k o v i t c h  1 9 5 7 , 1 9 5 9 a ) .
T h e se  a r e  among t h e  s m a l l e s t  b e e t l e s  f o u n d  i n  t h i s  
com m odity , a n d  a r e  g e n e r a l l y  c a l l e d  t h e  f l a t  g r a i n  b e e t l e s ,  
a l t h o u g h  G. f e r r u g i n o u s  i s  b e t t e r  known a s  t h e  r u s t y - g r a i n  
b e e t l e .
O th e r  m em bers o f  t h i s  g e n u s  do n o t  d i f f e r  much i n  
t h e i r  g e n e r a l  a p p e a r a n c e  an d  t h e s e  n o r m a l l y  l i v e  u n d e r  
b a r k  o f  t r e e s .  They r e s e m b l e  t h e  f o r m e r  g ro u p  v e r y  m uch, 
a s  may b e  s e e n  f ro m  t h e  f a c t  t h a t  o n l y  r e c e n t l y ,  one  o f  
th e m  G. s p a r t i i  ( C u r t i s )  was s e p a r a t e d  a s  a  d i s t i n c t  
s p e c i e s ,  h i t h e r t o  r e g a r d e d  a s  a  c o l o u r  v a r i e t y  o f  
G. c a p e n s i s  ( W a l t l ) ,  ( L e f k o v i t c h  1 9 5 9 ) .
A s t u d y  o f  G. f e r r u g i n o u s  h a s  o f t e n  b e e n  m ade, 
e s p e c i a l l y  i n  and j u s t  p r i o r  t o  t h e  l a s t  d e c a d e .  B u t 
c o m p a r a t i v e l y  v e r y  l i t t l e  h a s  b e e n  done on  t h e  b i o l o g y  
o f  G. t u r c i c u s . The o n ly  l a b o r a t o r y  s t u d y  o f  t h i s  
s p e c i e s  made so f a r ,  w as t h a t  i n c l u d e d  i n  t h e  w ork  o f  
B is h o p  ( 1 9 5 8 ) .
S y stem atic  P o s i t io n
Order -  C o leop tera ,
• S u p er-fam ily  -  C ucujoidea,
Fam ily -  C ucujidae,
S u b -fam ily  -  Laem ophloeinae,
Genus -  C r y p to le s te s  (G anglbauer),
S p e c ie s  -  tu r c ic u s  (G r o u v e lle ) ,
and fe r r u g in e u s  (S tep h en s)
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H i s t o r i c a l  R e v ie w .
I t  i s  i n t e r e s t i n g  t h a t  t h e  g e n u s  t o  w h ich  t h e  two 
s p e c i e s  b e l o n g  h a s  b e e n  t o s s e d  a b o u t  m uch, b e i n g  nam ed, 
r e - n a m e d  an d  s u b d i v i d e d ,  t i l l  i t  se em s  f a i r l y  c l e a r  now 
t h a t  i t  i s  one o f  t h e  g e n e r a  o f  t h e  s u b f a m i l y  L a e m o p h lo e in a e .
From t h e  o r i g i n a l  name o f  t h e  g e n u s  G u c u ju s  
( F a b r i c i e u s ) , i t  h a s  gone t h r o u g h  L a e m o p h lo e u s  (D e j e a n  I 8 3 7 ) ,  
' (w h ic h  w as s u b s e q u e n t l y  d i v i d e d  i n t o  two s u b - g e n e r a  b y  
Thomson ( I 8 6 3 ) ,  t o  t h e  s u b - g e n e r a  L e p t u s  (T h o m so n ) ,  l a t e r  
nam ed C r y p t o l e s t e s  ( G a n g lb a u e r  1 8 9 9 ) .  B u t on  a c c o u n t  
o f  t h e  s u b t l e  d i f f e r e n c e  b e tw e e n  t h e  tw o g e n e r a ,  t h a t  i s  
t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  f r o n t o - c l y p e a l  s u t u r e ,  a  
c h a r a c t e r  n o t  so e a s i l y  d e t e c t e d .  S h a r p  ( 1 8 9 9 ) ,  C a se y  
( I 9 I 6 ) a n d  K e s s e l  ( 1 9 2 1 ) ,  e r e c t e d  f u r t h e r  c a t e g o r i e s  f o r  
t h e  g e n u s  L a e m o p h lo e u s .
^^L a e m o p h lo e u s ^^ was s t i l l  i n  u s e  b y  L eng  ( 1 9 2 0 ) ,  b u t  
S h e p p a rd  ( 1 9 3 7 )  r e f e r s  t o  i t  a s  C r y p t o l e s t e s . A g a in  t h e  
g e n e r i c  s t a t u s  g i v e n  t o  i t  by  C a se y  ( I 9 I 6 ) who s a i d  t h a t  
" C r y p t o l e s t e s  was a  v e r y  d i s t i n c t  an d  w e l l  c h a r a c t e r i s e d  
g e n u s " ,  was f o l l o w e d  a f t e r  a  lo n g  t im e  by  S t e e l  a n d  Howe 
( 1 9 5 5 ) an d  L e f k o v i t c h  ( 1 9 3 7 ) .  A t t h e  same t i m e  L e f k o v i t c h  
( 1 9 5 9 a )  r e j e c t e d  t h e  s u b g e n u s  e r e c t e d  f o r  t h e  same by
K e s s e l  ( 1 9 2 1 )  a s  F r a c t o p h l o e u s  on  t h e  g r o u n d s  t h a t  t h i s
was b a s e d  on  "m a le  s e c o n d a r y  s e x u a l  c h a r a c t e r s  o f  d o u b t f u l  
ta x o n o m ic  v a l u e " .  I n  A m e r ic a  " L a e m o p h lo e u s " a p p e a r s  t o  b e  
s t i l l  i n  u s e  ( B is h o p  1 9 5 8 ) .
C. f e r r u g i n e u s  was f i r s t  d e s c r i b e d  b y  S t e p h e n s  i n  
V 1931  i n  B r i t a i n ;  t h e  b e e t l e s  h a v in g  b e e n  a c t u a l l y  c o l l e c t e d
V i n  1 9 2 6 , b u t  h a s  s u b s e q u e n t l y  b e e n  named o r  i d e n t i f i e d
v a r i o u s l y  i n  o t h e r  c o u n t r i e s ;  a l l  t h e  synonym s a r e  g i v e n  
b y  L e f k o v i t c h  ( 1 9 5 9 a ) .  The l a r v a  o f  C. f e r r u g i n e u s  h a s  
b e e n  d e s c r i b e d  b y  C a r p e n t i e r  ( 1 8 7 6 ) ,  a n d  a  m ore  d e t a i l e d  
d e s c r i p t i o n  o f  t h e  e x t e r n a l  f e a t i r e s  g i v e n  by u l i f f e  (1 8 8 2 )  
A l a b o r a t o r y  s t u d y  w as made b y  S h e p p a r d  ( 1 9 3 7 ) i who 
d e t e r m i n e d  t h e  d e v e lo p m e n t  o f  t h e  i n s e c t  on  a  num ber o f  
d i f f e r e n t  f o o d s  a t  " 8 5 °  F a n d  h ig h  r e l a t i v e  h u m i d i t y " .
He f o u n d  t h a t  t h e r e  w as a  r e l a t i o n  b e tw e e n  t h e  f o o d  o f  
t h e  l a r v a  a n d  t h e  l e n g t h  o f  t h e  l a r v a l  p e r i o d .  T h e s e  
d e v e l o p e d  f a s t e r  on  t h e  f o o d  o f  a n im a l  o r i g i n  t h a n  th e  
v e g e t a b l e  f o o d .  E ggs  o f  C. f e r r u g i n e u s , a  G r a i n  m o th ,  
an d  d e a d  l a r v a e  w ere  t h e  a n im a l  f o o d  s u p p l i e d .  On t h e  
v e g e t a b l e  f o o d s  p r o v i d e d  he fo u n d  t h a t  d e v e lo p m e n t  was 
m o s t r a p i d  on  t h o s e  w i t h  h ig h  p r o t e i n  c o n t e n t .  More 
d e t a i l e d  w ork  w as d o n e  b y  R i l e t t  (194-9) a t  d i f f e r e n t  
t e m p e r a t u r e s  a n d  h u m i d i t i e s .  S m ith  (1 9 5 9 )  s t u d i e d  t h e  
p o p u l a t i o n  d y n a m ic s  o f  t h e  i n s e c t .
C. t u r c i c u s  w as f i r s t  d e s c r i b e d  b y  G r o u v e l l e  i n  
1 876  f ro m  s t o r e d  p r o d u c t s  f ro m  T u r k e y ,  a n d  i s  p r o b a b l y  
a  n a t i v e  o f  t h i s  c o u n t r y .  M o r p h o lo g ic a l  s t u d i e s  w ere  
made o f  t h i s  s p e c i e s  a n d  C. f e r r u g i n e u s  b y  R e id  (194-2), 
who f i g u r e d  t h e  g e n i t a l i a  f o r  b o th  s p e c i e s  an d  a l s o  
made a  s t u d y  o f  t h e  r e l a t i v e  s i z e s  o f  t h e  d i f f e r e n t  
p a r t s  o f  t h e  tw o s p e c i e s ,  a l o n g  w i t h  t h a t  f o r  C. m i n u t u s .
He came t o  t h e  c o n c l u s i o n  t h a t  t h e  r a t i o  o f  t h e  l e n g t h  
o f  t h e  a n t e n n a  t o  t h e  l e n g t h  o f  t h e  e l y t r a ,  i s  l e s s  
t h a n  u n i t y  f o r  m a le s  o f  C. f e r r u g i n e u s , w h i l e  i t  i s  m ore 
f o r  t h e  m a le s  o f  C. t u r c i c u s  an d  C . m in u t u s  ; a l s o  t h a t  
t h e  r a t i o  o f  a n t e n n a - l e n g t h  t o  e l y t r a  l e n g t h  o f  t h e  
f e m a l e s  o f  t h e  l a s t  tw o  s p e c i e s  was t h e  same a s  t h a t  f o r
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t h e  G. f  e r r u g i n e u s  m a le .  He s a y s  " R i c h a r d s  (1 9 3 8 )  h a s  
s u g g e s t e d  t h a t  i f  m e t r i c a l  c h a r a c t e r s  o f  t h i s  s o r t  w ere  
d e t e r m i n e d  f o r  m o s t  o f  t h e  m em bers o f  a  g r o u p ,  i t  m ig h t  
b e  f o u n d  t h a t  t h e  v a l u e s  l a y  b e tw e e n  c e r t a i n  l i m i t s ;  
t h e s e  v a l u e s  m ig h t  t h e n  b e  u s e d  t o  d e t e r m i n e  w h e th e r  o r  
n o t  p a r t i c u l a r  fo rm s  b e l o n g e d  t o  a  g r o u p .  I n  t h e  p r e s e n t  
i n s t a n c e  t h e  p o s s e s s i o n  by  t h e  m a le  o f  a n t e n n a e  s h o r t e r  
o r  l o n g e r  t h a n  t h e  e l y t r a  m ig h t  b e  a  c h a r a c t e r  o f  t h i s  
s o r t ;  L . f e r r u g i n e u s  and  t h e  s p e c i e s  n e a r  t o  a t e r  
b e l o n g i n g  t o  one g ro u p  and  L . m in u t u s  an d  t u r c i c u s  t o  
t h e  o t h e r " .
W ith  r e g a r d  t o  t h e  a n t e n n a e  L e f k o v i t c h  ( 1 9 5 9 )  c o n s i d e r s  
t h a t  t h e  s u b - f a m i l y  L a e m o p h lo in a e  f a l l s  i n t o  t h r e e  g r o u p s ;  
f i r s t l y ,  t h o s e  i n  w h ich  t h e  s e x e s  c a n n o t  b e  d i s t i n g u i s h e d  
u p o n  a n y  a n t e n n a l  c h a r a c t e r s ,  e . g .  L e p t o p h l o e u s  ( g e n u s ) ,  
s e c o n d l y ,  t h o s e  w i th  a n t e n n a  o f  m a le  s l i g h t l y  l o n g e r  t h a n  
t h o s e  o f  t h e  f e m a l e s ,  e . g .  G. f e r r u g i n e u s  a n d  t h i r d l y  m a le s  
w i th  a n t e n n a  c o n s i d e r a b l y  l o n g e r  t h a n  t h o s e  o f  t h e  f e m a l e ,  
e . g .  C. t u r c i c u s . (E x a m p le s  q u o te d  a r e  f ro m  t h e  same 
r e f e r e n c e ) .
B is h o p  ( I 9 5 8 ) h a s  co m p a red  t h e  tax o n o m y  a n d  b io n o m ic s  
o f  t h e  tw o s p e c i e s ,  a l o n g  w i th  t h a t  o f  G. m i n u t u s .
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G e o g r a p h i c a l  D i s t r i b u t i o n .
The m ore common s p e c i e s  C. f e r r u g i n e u s  h a s  e s t a b l i s h e d  
i t s e l f  w e l l  b o t h  i n  t h e  n o r t h e r n  an d  s o u t h e r n  h e m is p h e r e s ,  
w i th  m ore r e c o r d s  f ro m  t h e  t e m p e r a t e  r e g i o n s .  A l th o u g h  
C. f e r r u g i n e u s  i s  f a i r l y  w e l l  e s t a b l i s h e d  i n  t h e  t r o p i c a l ,  
humid a r e a s ,  t h e  a l m o s t  e q u a l l y  c o s m o p o l i t a n  C. m in u t u s  
a p p e a r s  t o  b e  m ore s u i t e d  t o  t h a t  t y p e  o f  c l i m a t i c  
c o n d i t i o n s .  T h i s  s p e c i e s  i s  a f f e c t e d  m ore b y  d r i e r  
c o n d i t i o n s  t h a n  C. f e r r u g i n e u s .
I n  t h e  p a s t  C . f e r r u g i n e u s  h a s  b e e n  a n  i m p o r t a n t  
p e s t  i n  R u s s i a  ( B e l y a e v ,  S h e s t e r i k o v a  a n d  P opov  1 9 3 2 ) ,  
an d  C an ad a  b e tw e e n  1939 a n d  1944  (B .G .G . R e p o r t  1 9 4 3 ) .
I t  i s  common i n  B r i t a i n  (Monro 1 9 4 0 ) ,  U .S .A . ( F a r r a r  
and  F l i n t  1 9 4 2 ) ,  A u s t r a l i a ,  S o u th  A m e r ic a ,  A f r i c a ,  t h e  
M i d d l e - E a s t  an d  W e s t - I n d i e s  (Howe aind L e f k o v i t c h  1937)#
I n  a d d i t i o n  i t  i s  r e p o r t e d  i n  E u ro p e a n  c o u n t r i e s  f ro m  
im p o r t e d  p r o d u c e ,  e . g .  Germany b y  R e i t t e r  ( 1 9 1 1 ) .  Howe 
an d  L e f k o v i t c h  ( 1 9 5 7 )  l i s t e d  i t  a s  t h e  m o s t  common s p e c i e s  
c o l l e c t e d  on s h i p s  f ro m  v a r i o u s  c o u n t r i e s .
From a  s t u d y  o f  t h e  d i s t r i b u t i o n  o f  t h e  s p e c i e s  o f  
G r y p t o l e s t e s  (Howe a n d  L e f k o v i t c h  1 9 5 7 )  i t  a p p e a r s  t h a t  
G. t u r c i c u s  i s  w e l l  e s t a b l i s h e d  i n  t h e  n o r t h e r n  h e m is p h e r e .  
B ut i t  i s  c e r t a i n l y  much l e s s  common t h a n  G. f e r r u g i n e u s .
I t  i s  n o t  fo u n d  i n  C a n a d a ,  a n d  p e r h a p s  n o t  so  common a s  
G. f e r r u g i n e u s  i n  R u s s i a .  The s p e c i e s  i s  w e l l  e s t a b l i s h e d  
i n  t h e  U .S .A .  an d  fo u n d  i n  t h e  tw o m a jo r  s t o r e d  p r o d u c t s .
I t  i s  a l s o  w e l l  e s t a b l i s h e d  i n  T u rk e y ,  a s  w e l l  a s  B r i t a i n .
I t  i s  f o u n d  a l o n g  t h e  M e d i t e r r a n e a n  a r e a  ( b o t h  i n  E u ro p e  
an d  A f r i c a ) , a n d  i n  S o u th  A m e r ic a  (Howe a n d  L e f k o v i t c h  1 9 3 7 ) ,
12
T h e se  a u t h o r s  a l s o  q u o te  t h a t  i t  h a s  b e e n  p r e v i o u s l y  
r e p o r t e d  f ro m  p r o d u c e  f ro m  t h e  B e l g i a n  C ongo. T h e i r  
a r t i c l e  i s  b a s e d  o n  t h e  r e c o r d s  o b t a i n e d  d u r i n g  t h e  f i r s t  
f o u r  y e a r s  o f  t h e  l a s t  d e c a d e .
The l e s s e r  o c c u r e n c e  o f  C. t u r c i c u s  i n  t h e  s o u t h e r n  
h e m is p h e r e  i s  s t i l l  e m p h a s is e d  b y  i t s  r e m a r k a b l e  a b s e n c e  
i n  A u s t r a l i a ,  a l t h o u g h  c o l l e c t e d  t h r i c e  on  s h i p s  f ro m  t h a t  
c o u n t r y  (Howe a n d  L e f k o v i t c h  1 9 5 7 j .  I n  t h a t  c o u n t r y  t h e  
m o s t common s p e c i e s  i s  G. p u s i l l o i d e s . I f  t h e  o r i g i n  o f  
G. t u r c i c u s  i s  T u rk e y ,  t h e n  a  m a rk e d  w e s tw a rd  d i s p e r s a l  
i s  s e e n ,  an d  t h e  s p e c i e s  a p p e a r s  t o  b e  p l e n t i f u l  i n  t h e  
m ore d r y  t e m p e r a t e  r e g i o n s .  I n  S o u th  A m e r ic a  f o r  
i n s t a n c e  a l t h o u g h  i t  i s  f o u n d  i n  U ru g u a y  an d  A r g e n t i n a  
i t  h a s  n o t  b e e n  c o l l e c t e d  i n  t h e  much m ore  hum id B r a z i l .  
I t s  a b s e n c e  f ro m  G anada a g a i n  i s  p e c u l i a r ,  s i n c e  i t  i s  
so  w e l l  e s t a b l i s h e d  i n  t h e  a d j o i n i n g  c o u n t r y  U .S .A . 
P o s s i b l y  t h e  t e m p e r a t u r e  c o n d i t i o n s  a r e  n o t  s u i t a b l e  a n d  
t h e  m ore c o l d  h a r d y  G. f e r r u g i n e u s  (S o lo m o n  an d  Adamson 
1 9 5 5 ) becom es p r e v a l e n t  h e r e .  A ls o  a c c o r d i n g  t o  t h e  
F a r m e r s ’ B u l l e t i n  (1 9 5 5 )?  " t h i s  s p e c i e s  i s  m ore r e s i s t a n t  
t o  c o l d  w e a th e r  t h a n  t h e  o t h e r  two s p e c i e s  ( G. m in u t u s  
a n d  G. t u r c i c u s ) ,  a n d  i s  m ore commonly f o u n d  i n  t h e  
n o r t h e r n  s t a t e s "  ( U . S . A . ) .  A c c o rd in g  t o  B is h o p  ( 1 9 5 8 )  
o f  t h e  e i g h t y - n i n e  l o c a l i t i e s  w h ere  G r y p t o l e s t e s  i s  
r e p r e s e n t e d ,  G. t u r c i c u s  i s  f o u n d  i n  t h i r t y - f i v e ,
G. f e r r u g i n e u s  i n  f i f t y - n i n e  a n d  G. m in u t u s  i n  t w e l v e .
I n  t h e  n o r t h e r n  h e m is p h e r e  G. f e r r u g i n e u s  i s  a b l e  t o  
l i v e  w h ere  G. t u r c i c u s  i s  a l s o  f o u n d  and  i n  t h e  s o u t h e r n  
h e m is p h e re  w bere  G. p u s i l l i o d e s  i s  f o u n d .  I t  i s  p o s s i b l e
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t h a t  C. t u r c i c u s  and  C. p u s i l l i o d e s  r e q u i r e  a  common 
f a c t o r  f o r  e x i s t e n c e ,  w h ich  i s  n o t  so f a v o u r a b l e  t o  
C. f e r r u g i n e u s , t h e r e f o r e  p o s s i b l y  C. t u r c i c u s  b eco m es  
a b u n d a n t  i n  t h e  n o r t h - w e s t  and  C. p u s i l l i o d e s  c o n c e n t r a t e s  
i n  t h e  s o u t h - e a s t .
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Food, and H a b ita t .
A v a r ie t y  o f  s to r e d  p rod u cts i s  a tta ck ed  by th e se  
i n s e c t s ,  but m ainly wheat and wheat p ro d u c ts . The 
c o u n tr ie s  where C. fe r r u g in e u s  occu rs in  t h i s  food  are  
c h ie f ly  Canada, U .S .A ., U .S .S .R ., A u s tr a lia , and A rgentina  
and Uruguay in  South Am erica. Other fo o d s which t h i s  
s p e c ie s  a tta c k s  are to  a la r g e  e x te n t m aize and a ls o  
o a ts ,  r i c e ,  r y e , b a r le y , sorghum, b ean s, ca ssa v a , 
cocoa , cowpeas, grou n d -n u ts, o i l  s e e d s , su nflow er and 
f l a x  seed s  and d r ied  f r u i t s .
C. tu r c ic u s  on th e  o th er  hand i s  m ain ly found on 
w h eat-p rod u cts, c h ie f ly  f lo u r .  I t  has been rep o r ted  
from w heat-bran from I t a l y  (Howe a n d  L efk o v itch  1 9 5 7 )  
but on ly  wheat and to  a l e s s e r  e x te n t m aize from th e  
U .S.A . are in f e s t e d  by t h i s  so e o le s .
Table I  g iv e s  th e  number o f reco rd s  fo r  th e  two 
s p e c ie s  in  B r ita in , abridged  from Howe and L e fk o v itc h  
( 1 9 5 7 ) .  The g r e a te s t  number o f  reco rd s  fo r  G. tu r c ic u s  
are from f lo u r  m i l l s ,  but are from warehouses fo r  
G. fe r r u g in e u s . In  a d d it io n  both are found in  o th er  m i l l s ,  
b u ffe r  d ep o ts  and m a lt in g s , G. fe r r u g in e u s  b e in g  found  
m ostly  in  th e  l a s t  th r e e . In  m i l l s  G. tu r c ic u s  i s  found  
m ostly  in  th e  m achinery, where th e  number o f  reco rd s  
fo r  G. fe rru g in e u s  i s  com p aratively  sm a ll. But in  th e  
raw m a te r ia ls  in  m i l l s  G. fe rru g in e u s  i s  more abundant 
in  wheat and oth er c e r e a ls  than  G. t u r c ic u s , and. in  o i l  
seed s  G. fe r r u g in e u s  a lon e  i s  found. G. tu r c ic u s  i s  
predominant in  f lo u r  m i l l s  and co n seq u en tly  in  f lo u r ,  
w h ile  G. fe rru g in e u s  i s  m ostly  found on wheat (Howe and 
L efk o v itch  1 9 5 7 ) .  These authors a ls o  commented th a t
35,
T a b le  I  a ) .  Number o f  R e c o r d s  f o r  Ç. t u r c i c u s  a n d  
C. f e r r u g i n e u s  c o l l e c t e d  i n  m i l l s  a n d  
s t o r a g e  p r e m i s e s  i n  G r e a t  B r i t a i n .  
(T a k e n  f ro m  Howe a n d  L e f k o v i t c h  1 9 5 7 )
P r e m i s e s C . t u r c i c u s C . f  e r r u g i n e u s
Farm s — 91
B u f f e r  D e p o ts 4- 87
W a re h o u se s 19 54-9
F l o u r  M i l l s 544- 68
O th e r  M i l l s 25 64-
M a l t i ï i g s 1 15
b ) .  S i t e  o f C o l l e c t i o n  o f  C. t u r c i c u s  a n d
C. f e r r u g i n e u s  f ro m  m i l l  
i n  G r e a t  B r i t a i n .
s  o f  a l l  k i n d s
(T a k e n  f ro m  Howe a n d  L e f k o v i t c h  1 9 5 7 ) •
S i t e C . t u r c i c u s C . f e r r u g i n e u s
M a c h in e r y 515 8
F a b r i c  o f  M i l l 17 22
F a b r i c  o f  S i l o 6 19
M i l l i n g  P r o d u c t s  
S p i l l a g e ,  S w e e p in g s ,
9 9
S a c k s  ( G r a i n  a n d  F l o u r )  14- 17
Wheat 5 25
O th e r  C e r e a l  S e e d s 5 25
O i l  S e e d s  a n d  B eans — 11
16
i n  B r i t a i n  C. m in u t u s  a n d  G. f e r r u g i n e u s  " e n t e r  f l o u r  
an d  p r o v e n d e r  m i l l s  on  c e r e a l s  a n d  h av e  am p le  o p p o r t u n i t y  
t o  i n v a d e  t h e  f l o u r  s t r e a m ,  so i t  i s  i n t e r e s t i n g  t o  n o t e  
t h i s  c o m p a r a t iv e  s c a r c i t y  i n  t h e  h a b i t a t " .  G. f e r r u g i n e u s  
i s  a l s o  f o u n d  i n  f a rm  s t o r e s ,  b u t  G# t u r c i c u s  i s  n o t .
I t  i s  p o s s i b l e  t h a t  t h i s  s e g r e g a t i o n ,  i f  i t  e x i s t s ,
o f  t h e  two s p e c i e s  w i t h  a p p a r e n t l y  t h e  same n u t r i t i o n a l  
r e q u i r e m e n t s ,  i s  due  t o  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  i n  
w h ic h  t h e  f o o d  i s  s t o r e d  o r  due t o  t h e  a c t u a l  fo rm  o f  
t h e  f o o d  i n  w h ic h  i t  i s  a v a i l a b l e  f o r  i n g e s t i o n ,  o r  f o r  
t h e  m ovem ent o f  t h e  i n s e c t s ,  o r  i t  may b e  t h e  r e s u l t  o f  
s e v e r a l  i n t e r a c t i n g  f a c t o r s .  I t  i s  h o p e d  t h a t  t h e  p r e s e n t  
s t u d y  w i l l  r e v e a l  some f a c t s  a b o u t  t h i s  s u b j e c t .
R em em bering  t h e  f a c t  t h a t  t h e s e  i n s e c t s  a r e  c l o s e l y
r e l a t e d  t o  fo rm s  l i v i n g  u n d e r  b a r k  a n d ,  t h a t  t h i s  i s
p o s s i b l y  t h e i r  a n c e s t r a l  h a b i t a t ,  i t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t  G. f e r r u g i n e u s  h a s  b e e n  r e c o r d e d  i n  h a y s t a c k  
r e f u s e  ( F o w le r  1 8 8 9 ) ,  a n d  P i c a r d  ( 1 9 1 9 )  w r i t e s  t h a t  
i t s  l a r v a  " l i v e s  u n d e r  b a r k  o f  o a k s ,  c h e r r y  t r e e s  a n d  
i t  i s  s a i d  i n  f i r  t r e e s ,  i n h a b i t e d  by  wood b o r i n g  i n s e c t s ,  
b u t  a l s o  i n  g r a i n  a t t a c k e d  b y  G a l a n d r a , i n  b r a n  f l o u r  e t c . " .  
A g a in  L i n s l e y  (1 9 4 4 )  r e c o r d s  i t  u n d e r  b a r k ,  a n d  i n  n e s t s  
o f  V e sp a  an d  i n  a d d i t i o n  t o  u n d e r  b a r k ,  L e f k o v i t c h  (1959& ) 
r e c o r d s  i t  i n  a n  a p h i d  g a l l  a n d  i n  s o i l .
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P a r a s ite s  and P r e d a to r s .
The fo u rth  in s t a r s  o f  G. tu r c ic u s  harbour both  gut 
and c o e lo n n ic  p a r a s i t e s .  The gut p a r a s i t e  which i s  
record ed  fo r  th e  f i r s t  tim e in  t h i s  b e e t le ,  i s  a s p e c ie s  
o f  G regarina ( d e t a i l s  o f  t h i s  g reg a r in e  are g iv en  l a t e r ) .  
The g reg a r in e  v ery  r a r e ly  occurred  in  th e  a d u lt .  A 
sc h iz o g r e g a r in e  M a tte s ia  d isp o ra  ( N e v i l l e )  record ed  by 
P in la y so n  (1 9 5 0 ), was a ls o  found in  both  a d u lts  and la r v a e .  
G u ltures were ap p a ren tly  not a f f e c t e d  by th e  p a r a s i t e .  The 
e f f e c t  o f th e  G ephaline g re g a r in e s  in  g en era l in  th e  gut 
o f  in s e c t s  i s  not very  c le a r .
G. fe r r u g in e u s  on th e  o th er  hand has more p a r a s i t e s  
and p r e d a to r s , a s m ight be exp ected  from i t s  w ider  
d is t r ib u t io n .  The p a r a s i t e s  in c lu d e  two p ro to zo a n s and 
a hymenopteran. The l a t t e r  Gephalonomia W aterston i (Gahan) 
i s  p a r a s i t i c  in  th e  la r v a e , and fe e d s  on th e  eggs a s  w e l l .  
I t s  com plete l i f e  h is to r y  i s  worked out by R i l e t t  ( 1 9 4 9 a ) .  
The sc h iz o g r e g a r in e  found in  G. fe r r u g in e u s  i s  th e  same 
as th a t  in  G. t u r c ic u s , but accord in g  to  P in la y so n  ( 1 9 5 0 )  
high m o r ta lity  i s  caused  by th e  p a r a s i t e  in  th e  form er 
s p e c ie s .  F o er ster  (1958 ) has record ed  th e  occu rren ce o f  
a G ephaline g reg a r in e  in  th e  a d u lts  o f  G. fe r r u g in e u s , 
and has named i t  G regarina la em o p h lo e i. In  th e  p r e se n t  
stu d y a s p e c ie s  o f  G regarina has been found in  enormous 
numbers, in  th e  fo u r th  in s t a r s .  I n s p i t e  o f  such numbers 
th e  la r v a e  appeared q u ite  h ea lth y  and a c t iv e .  ( D e t a i l s  
o f  th e l i f e  h is to r y  o f  th e  G regarina are g iv en  l a t e r ) .  A 
m ite g e n e r a lly  e n te r in g  c u ltu r e s ,  and th e  c a d e l la  b e e t le ,  
fe e d  on eggs and pupae; th e  c a d e l la  b e e t le  fe e d s  on th e  
la r v a e  a s  w e l l .
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Nature o f  Damage to  P roduce.
S in ce  both Ç. tu r c ic u s  and C. fe r r u g in e u s  fe e d  c h ie f ly  
on th e  germ o f  wheat as observed  in  th e  p rese n t stu d y  from  
s e c t io n s  o f  wheat p ro v id ed , and by R i l e t t  ( 1 9 4 9 ) ,  i t  i s  
ev id en t th a t  th e  food  v a lu e  o f  th e  in f e s t e d  g ra in  i s  
red u ced . S in ce  C. tu r c ic u s  i s  n orm ally  regarded  a s  a 
secondary p e s t  on w heat, due to  i t s  i n a b i l i t y  to  a tta c k  
whole sound g r a in s , th e  l o s s  o f food v a lu e  cannot be 
g r e a t . T his i s  a ls o  tr u e  fo r  Q» f e r r u g in e u s . B ut, s in c e  
th e  l a t t e r  i s  a b le  to  a tta c k  g ra in  w ith  s l i g h t  b reaks in  
th e  p e r ic a r p , s u c c e s s f u l ly  even a t low  hum idity, u n lik e  
G. tu r c ic u s  (from p r e se n t ex p er im en ts), i t  may cau se more 
damage, which may be a p p rec ia b le  o n ly  in  heavy in f e s t a t io n s .  
Probably in  th e  ca se  o f  m aize and o th er  c e r e a ls  a l s o ,  damage 
would be s e r io u s  o n ly  in  heavy i n f e s t a t i o n s .
In  c e r e a ls  and o th er  fo o d s th e  damage would be c h ie f ly  
due to  th e  p resen ce  o f  th e  v a r io u s  s ta g e s  o f th e  in s e c t s .
G. tu r c ic u s  and G. fe r r u g in e u s  do not damage th e  produce  
by webbing, as do c e r ta in  in s e c t s ,  e .g .  E p h estia  k u e h n ie lla  
and P lo d ia  in t e r p u n c t e l la , whose la r v a e  cause co n s id e r a b le  
webbing, making th e  food  u n su ita b le  fo r  human consum ption  
and even n e c e s s i t a t in g  th e  h a lt in g  o f m achinery fo r  
c le a n in g . But Q. fe r r u g in e u s  which o f te n  f a i l s  to  com plete  
a cocoon, pupated in  th e  open having produced some s i l k ,  
e n ta n g lin g  p a r t i c l e s  o f  food  u n lik e  G. t u r c ic u s .
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D i s t i n g u i s h i n g  C h a r a c t e r s  o f  t h e  Two S p e c i e s .
N ot u n t i l  t h e  g e n i t a l i a  o f  t h e s e  s p e c i e s  w e re  s t u d i e d  
a n d  a l s o  a  k e y  p r o v i d e d  b y  R e id  ( 1 9 4 2 ) ,  h a s  p r o p e r  
i d e n t i f i c a t i o n  o f  t h e s e  s p e c i e s  b e e n  p o s s i b l e .  A t t h e  
same t i m e  t h e  o c c u r r e n c e  o f  h e t e r o g o n i c  g ro w th  i n  t h e  
a n t e n n a  o f  m a le s  o f  C. t u r c i c u s  a n d  C . m in u t u s  shov/n b y  
R e id  ( 1 9 4 2 ) r e v e a l s  t h e  p r o b a b l e  m i s i d e n t i f i c a t i o n  o f  
t h e  tw o  s p e c i e s  p r i o r  t o  t h i s .  A summary o f  R e i d ’ s  k e y  
i s  g i v e n  f o r  t h e  f o r m e r  two s p e c i e s  a s  f o l l o w s .
I n  C . f e r r u g i n e u s  t h e  t h o r a x  i s  s t r o n g l y  t o  
m o d e r a t e l y  c o n t r a c t e d  b e h i n d .  The l e n g t h  o f  t h e  a n t e n n a  
i s  n o t  m ore  t h a n  h a l f  t h a t  o f  t h e  b o d y ,  a n d  t h e  l a s t  se g m en t 
o f  t h e  a n t e n n a  i s  n o t  m ore t h a n  t w i c e  a s  l o n g  a s  b r o a d  a n d  
i s  a l m o s t  p a r a l l e l  s i d e d .  The m a n d ib l e  o f  t h e  m a le  h a s  
a  f l a t t e n e d  t o o t h  on  t h e  o u t e r ,  v e n t r a l  s i d e  n e a r  t h e  
b a s e .  H ead a n d  t h o r a x  a r e  f i n e l y  a n d  s p a r s e l y  p u n c t u r e d .
M a le s  2 . 2 5  -  2 . 5 0  mm l o n g  and  O. 6 5  -  0 . 7 0  mm w id e  a n d  
f e m a l e s  2 . 0  -  2 . 5  %üm lo n g  an d  0 . 6  -  0 . 7  mm w id e  ( B is h o p  1 9 5 8 ) .
I n  0 .  t u r c i c u s  t h e  t h o r a x  i s  o n l y  s l i g h t l y  c o n t r a c t e d  
b e h i n d ,  b u t  ( u n l i k e  C. m i n u t u s , w h ic h  i t  c l o s e l y  r e s e m b l e s )  
i s  n o t  d i s t i n c t l y  t r a n s v e r s e ,  a n d  t h e  f r o n t  a n g l e s  o f  t h e  
t h o r a x  a r e  l e s s  r o u n d e d  w h i l e  t h e  h i n d  a n g l e s  a r e  m ore a c u t e .  
The l e n g t h  o f  t h e  a n t e n n a  i s  f ro m  h a l f  t o  m ore  t h a n  t h r e e -  
q u a r t e r s  o f  t h a t  o f  t h e  b o d y  an d  t h e  l a s t  se g m e n t o f  t h e  
a n t e n n a  v a r y i n g  c o r r e s p o n d i n g l y  i n  l e n g t h , i n  f e m a l e s  i t  i s  
t w i c e  a s  lo n g  a s  b r o a d ;  i t  w id e n s  a n t e r i o l y ,  e s p e c i a l l y  i n  
m a l e s ,  i n s t e a d  o f  b e i n g  p a r a l l e l  s i d e d .  M a le s  a r e  w i t h o u t  
t h e  t o o t h  v e n t r o l a t e r a l l y  on t h e  m a n d ib le  n e a r  i t s  b a s e .
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H ead a n d  t h o r a x  a r e  m ore c l o s e l y  p u n c t u r e d ,  t h e  p u n c t u r e s  
a r e  u s u a l l y  l a r g e  a n d  s h a l l o w .  A m e d ia n  l o n g d i t u d i n a l  
i m p u n c t a t e  a r e a  e x i s t s  i n  t h e  t h o r a x .  M a le s  2 . 0  -  2 . 6  mm 
l o n g  and  O .6 5  -  0 . 7 5  mm w id e ,  a n d  f e m a l e s  1 .7 5  -  2 . 4  mm 
l o n g  a n d  0 . 5 7  -  0 . 7  mm vd.de. (B is h o p  1 9 5 8 ) .
A n o th e r  u s e f u l  d i s t i n g u i s h i n g  c h a r a c t e r  was f o u n d  i n  
t h e  p r e s e n t  s t u d y .  I n  G. t u r c i c u s  t h e  t e r m i n a l  one  t h i r d  
o f  t h e  w in g s  i s  s p a r s e l y  m o t t l e d  b l a c k  a n d  i n  t h e  n o r m a l l y  
f o l d e d  c o n d i t i o n  t h i s  r e g i o n  a p p e a r s  a s  a  b l a c k  p a t c h  u n d e r  
t h e  e l y t r a .  T h i s  c h a r a c t e r  i s  n o t  f o u n d  i n  0 .  f e r r u g i n e u s , 
i n  w h ic h  s p e c i e s  t h e  a n t e r i o r  p a r t  o f  t h e  e l y t r a  a p p e a r s  
d a r k ,  p r o b a b l y  d ue  t o  p i g m e n t a t i o n  o f  t h e  u n d e r l y i n g  m e so -  
a n d  m e t a - t h o r a x .  I n  b o t h  s p e c i e s  t h e  d a r k  r e g i o n s  a r e  
m ore p r o m in e n t  i n  t h e  n e w ly  e m erg ed  a d u l t s  t h a n  i n  t h e  
o l d e r  o n e s .
The g e n i t a l i a  o f  c o u r s e  f u r n i s h  a  s u r e  m ean s  o f  
s e p a r a t i n g  t h e  two s p e c i e s ,  t h e  c h i e f  d i s t i n g u i s h i n g  
c h a r a c t e r s  a r e  l i s t e d  i n  T a b le  I I ,  b a s e d  o n  d a t a  g i v e n  b y  
R e id  ( 1 9 4 2 ) a n d  t h a t  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y .
The l a r v a e  o f  t h e  tw o s p e c i e s  a r e  d i f f i c u l t  t o  
s e p a r a t e ,  e s p e c i a l l y  t h e  f i r s t ,  s e c o n d  a n d  t h i r d  i n s t a r s .  
The f o u r t h  l a r v a e  h o w ev e r  a r e  d i f f e r e n t  en ough  t o  b e  
d i s t i n g u i s h e d  w i th  some c a r e .  The c h i e f  c h a r a c t e r  w h ic h  
d i s t i n g u i s h e s  t h e  tw o s p e c i e s  i s  t h e  s i l k  g l a n d .  I n  
C. f e r r u g i n e u s  t h e s e  d e v e lo p  v e n t r o l a t e r a l l y ,  t h e i r  a p i c e s  
an d  a s s o c i a t e d  s e t a e  a r e  d i r e c t e d  a n t e r o l a t e r a l l y , a n d  
a r e  v i s i b l e  i n  a  d o r s a l  v i e w .  W h ereas  i n  G. t u r c i c u s  t h e  
s i l k  g l a n d s  d e v e lo p  e n t i r e l y  v e n t r a l l y  w i th  t h e i r  a p i c e s  
d i r e c t e d  a n t e r i o l y  b u t  away f ro m  t h e  b o d y ,  a n d  a r e  n o t  
s e e n  i n  a  d o r s a l  v ie w .
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Table I I . The Chief D is t in g u is h in g  C h a rac te rs  of th e  G e n i ta l i a
of C. f e r ru g in e u s  and C. t u r c i c u s .
C h a rac te r C. t u r c i c u s  i C. f e r ru g in e u s
*
;
Hale G e n i ta l i a .
I  Aedaegus
a ) ■Sac or Lumen
In n er  Surface  '
W idest in  middle
D i s t i n c t l y  throvm 
in to  fo ld s
W idest tw o - th i r d s  from 
the  proximal end. 
S l i g h t l y  tiiro^m in to  
f o l d s .
b) S c l e r o t i s a t i o n  -  
3 p a i r s  of rods  j 
j i n  middle re g io n
Proximal ends 
converging s l i g h t l y
D is ta l  ends converg ing .
Shape
D is t a l  ends
Almost uniform  in  
th ic k n e s s  
B lu n t ly  rounded
T apering  d i s t a l l y .  
F a i r l y  p o in te d .
I I  P ha llo base S h ort  and i l l -  
d e f in ed
D i s t i n c t ,  e lo n g a te  and 
b u lb o u s .
I I I  P a rameres or j 
L a te r a l  lobes
T apering , w id e s t  
a t  base
N early  p a r a l l e l  s id e d .
IV TVo b a rs  of
s c l e r i t e s  a s s o c ia t e d  
d i s t a l l y  w ith  
G e n i ta l i a
i  Female G e n i ta l i a .
Longer b a r  
d i s t i n c t l y  




Both c r e s c e n t i c .
I S c l e r o t i s a t i o n  n ea r  
j sperm atheca
Small, ro d  shaped S p i r a l l y  curved.
SECTION I I
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L i f e  C y c l e >
C. t u r c i c u s .
The e g g  i s  s a u s a g e  s h a p e d ,  s h i n y  w h i t e  a n d  f a i r l y  
t r a n s l u s c e n t , one  en d  o f  i t  b e i n g  s l i g h t l y  m ore  p o i n t e d  
t h a n  t h e  o t h e r .  When n e w ly  l a i d  t h e  c h o r i o n  i s  e a s i l y  
p u n c t u r e d  a n d  g r e a t  c a r e  h a s  t o  b e  t a k e n  when h a n d l i n g  t h e  
e g g .  The c o l o u r  g r a d u a l l y  c h a n g e s  t o  a  d i r t y  w h i t e ,  a  
d e p r e s s i o n  a p p e a r s  l e n g t h w i s e  on  o ne  a s p e c t  o f  t h e  eg g  an d  
s o o n  t h e  s e g m e n t a t i o n  i s  d im ly  p e r c e p t i b l e  t h r o u g h  t h e  
c h o r i o n ,  w hen i t  i s  r e a d y  t o  h a t c h .
The e g g s  v a r y  f ro m  0 . 5 I  mm t o  O. 5 6  mm i n  l e n g t h ,  an d  
0 . 1 5  mm t o  0 . 1 3  mm i n  w i d t h .  M e a s u re m e n ts  o f  t w e l v e  e g g s  
t a k e n  a t  random  a r e  g i v e n  i n  t a b l e  I I I .  The s u r f a c e  o f  
t h e  eg g  i s  s t i c k y  a n d  p a r t i c l e s  o f  f o o d  a d h e r e  t o  i t .
A t e c l o s i o n  t h e  l a r v a  e m e rg e s  h e a d  f i r s t ,  ( o n l y  one
o u t  o f  m ore  t h a n  f i f t e e n  o b s e r v e d ,  em e rg ed  t a i l  f i r s t ) ,  a n d  
b y  s u c c e s s i v e  c e p h a lo c a n d u d  m o v em en ts ,  i t  d ra w s  i t s e l f  
o u t  o f  t h e  s h e l l .  S i n c e  t h e  l a r v a  i s  s e e n  e m e r g in g  w i th
t h e  d o r s a l  r e g i o n  o f  t h e  h e a d  a g a i n s t  t h e  l i d - l i k e  f l a p
fo rm e d  s l i g h t l y  b e lo w  one end  o f  t h e  p o l e ,  due  t o  a  s l i t  
made j u s t  p r e v i o u s l y ,  i t  i s  p o s s i b l e  t h a t  t h e  m a n d i b l e s  
a l s o ,  s i n c e  t h e i r  t i p s  a r e  t a n n e d ,  a i d  i n  e c l o s i o n .  The 
em pty  eg g  s h e l l  i s  i r r e d i s c e n t  a n d  h a s  n o t  b e e n  s e e n  
e a t e n  b y  t h e  l a r v a .  The l a r v a  i s  a l m o s t  t y p i c a l l y  
c a m p o d e i fo rm . The l a s t  a b d o m in a l  s e g m e n t  i s  p r o v i d e d  
w i t h  a  p a i r  o f  h o o k s .  I t  c a n  l i v e  w i t h o u t  f o o d  j u s t  f o r  
a b o u t  t w e n t y - f o u r  h o u r s ,  b u t  when f o o d  i s  p r e s e n t  i t  
r e a d i l y  s t a r t s  f e e d i n g .  I f  o f t e n  fo rm s  a  ’’f e e d i n g  c h a m b e r”
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T able I I I .
Measurements o f E sss o f  C. ferru K in eu s and 
C. tu r c ic u s  in  mm.
Number
i
C. tu r c ic u s C. fe r r u g in e u s
i
1ij Length Width Length ,7/idth 1
1 0 . 5 4 0 . 1 7 0 .6 8 i 0 .2 1  i
2 0 .5 1 0 . 1 7 0 .6 9  ^ 0 .2 2  1
5 0 . 5 1 0 . 1 7 0 .6 0 ! 0 . 1 7  i
4 0 . 5 6 0 . 1 5 0 . 6 2 ; 0 .1 8  i
5 0 . 5 5 0 . 1 7 0 . 5 9 ; 0 .1 8  i
6 0 . 5 1 0 . 1 9 0 . 5 9 : 0 .1 8  I
7 0 . 5 1 0 . 1 7 0 .6 2 '  0 .1 8  i
8 0 .5 6 0 . 1 7 0 .5 7 ; 0 .1 8  1
9 0 .5 5 0 . 1 7 0 . 6 3 ! 0 .1 8  1
10 0 .5 5 0 . 1 7 0 .5 9 0 .1 8  !
11 0 .5 6 0 . 1 7  I 0 .5 9 : 0 . 1 7  i
12 0 . 5 1 0 . 1 7 0 .5 9 : 0 . 1 7  1
Average 0 . 5 5  + 0 . 2 0 0 . 1 7  + 0 . 0 0 8 i0 .6 1  + 0 . 0 3 6 ! 0 . 1 8  + Q 017
I
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i n  w h ic h  i t  s p e n d s  m o s t  o f  i t s  l a r v a l  l i f e ,  s i n c e  t h r e e  o r  
f o u r  l a r v a l  e x u v i a e  a n d  a  l a r g e  am oun t o f  f e c e s  a r e  c o n f i n e d  
t o  t h i s  r e g i o n .  I t  a p p e a r s  t o  r e m a i n  i n  t h i s  ch a m b e r  i f  
u n d i s t u r b e d .  T h i s  b e h a v i o u r  c a n  b e  s e e n  when a  s u i t a b l e  
m edium  f o r  o b s e r v a t i o n ,  s u c h  a s  s e c t i o n s  o f  w h e a t ,  i s  
p r o v i d e d .  The l a r v a  e v e n t u a l l y  b u i l d s  a  c o c o o n  w h ic h  may 
b e  a t  a  new s i t e  o r  so m e t im e s  i n  t h e  same " f e e d i n g  c h a m b e r” . 
I n  w h o le  g r a i n ,  i f  i t  g a i n s  a c c e s s ,  i t  r e m a i n s  w i t h i n  t h e  
g r a i n ,  h o l lo w in g  o u t  a  ch am b er  a s  i t  f e e d s  on  t h e  germ  
e n d ,  i n  some c a s e s  t h e  f o u r t h  l a r v a  e m e rg e s  f ro m  t h e  
g r a i n  a n d  b u i l d s  a  c o c o o n  o u t s i d e .
The l a r v a  m o u l t s  f o u r  t i m e s  a n d  w i t h  t h e  i n c r e a s e  i n  
s i z e ,  t h e  abdom en g r a d u a l l y  b eco m es  r o u n d i s h  i n  s e c t i o n ,  
b e i n g  w i d e s t  a b o u t  t h e  f o u r t h  se g m e n t a n d  t a p e r i n g  p o s t e r i o l y  
A p a i r  o f  p a p i l l a e  a p p e a r  v e n t r a l l y  i n  t h e  a n t e r i o r  r e g i o n  
o f  t h e  p r o t h o r a x ,  w h ich  i s  g e n e r a l l y  v i s i b l e  i n  t h e  t h i r d  
i n s t a r  b u t  w h ic h  r e a c h e s  f u l l e s t  d e v e lo p m e n t  i n  t h e  f o u r t h  
i n s t a r .  T h i s  l a t t e r  i s  t h e  m o s t  a c t i v e  s t a g e .  J u s t  b e f o r e
p u p a t i o n  i t  b u i l d s  a  c o c o o n  f ro m  ” s i l k ” s e c r e t e d  b y  t h e
p r o t h o r a c i c  g l a n d s .  The s i l k  b e i n g  c o n d u c te d  t o  t h e  
e x t e r i o r  b y  t h e  s e t a e  p r e s e n t  on  t h e s e  p a p i l l a e .  I t  t h e n  
p a s s e s  one  t o  t h r e e  d a y s  a s  t h e  i n a c t i v e  p r e p u p a .  The 
a c t i v e  p e r i o d  o f  t h e  l a s t  i n s t a r  may b e  d i v i d e d  i n t o  tw o
m a jo r  p h a s e s ,  n a m e ly  f e e d i n g  a n d  b u i l d i n g .  The l e n g t h  o f
t h e  f i r s t  v a r i e s ,  d e p e n d in g  on  t h e  f o o d  an d  o t h e r  
e n v i r o n m e n t a l  f a c t o r s ,  b u t  i s  t h e  lo n g e r  o f  t h e  tw o .  T h e se  
p h a s e s  a p p l y  b o t h  t o  Q. t u r c i c u s  a n d  C. f e r r u g i n e u s . The 
s e c o n d  p h a s e  w h ich  v a r i e s  o n ly  s l i g h t l y  w i th  e n v i r o n m e n t a l  
f a c t o r s  may so m e tim e s  b e  o m i t t e d  i n  C. f e r r u g i n e u s  b u t  
r a r e l y  i n  C. t u r c i c u s .  The l a s t  l a r v a l  m o u l t  o c c u r s  when
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t h e  p ig m e n t  o f  t h e  o c e l l i  h a s  s h i f t e d  t o  a b o u t  t h e  m id -  
v e n t r a l  p o s i t i o n  o f  t h e  p a p i l l a .  The exuv ium  i s  c a s t  
c l e a r  o f  t h e  p u p a ,  b u t  o c c a s i o n a l l y  i t  i s  l e f t  a t  t h e  
c a u d a l  e n d .
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The com pound e y e s  o f  t h e  p u p a  fo rm  j u s t  b e lo w  a n d  
l a t e r a l  t o  t h e  o c e l l a r  p i g m e n t .  A bou t t w e n t y - f o u r  h o u r s  
a f t e r  p u p a t i o n  t h e  f a c e t s  o f  t h e  e y e  becom e v i s i b l e ,  
g r a d u a l l y  t u r n i n g  f ro m  b row n t o  b l a c k .  A bout t h e  t i m e  
t h i s  s t a g e  i s  r e a c h e d ,  t h e  ex tre m e  t i p s  o f  t h e  m a n d i b l e s  
b e g i n  t o  t a n ,  an d  c o m p le te  t a n n i n g  up t o  t h e  a p p e a r a n c e  
o f  t h e  a d u l t  t a k e s  p l a c e  f ro m  one t o  t h r e e  d a y s  f ro m  t h i s ,  
d e p e n d in g  on  t h e  e n v i r o n m e n t a l  c o n d i t i o n s ,  e s p e c i a l l y  on  
t e m p e r a t u r e .
The n e w ly  fo rm e d  a d u l t  i s  n o t  im m e d ia t e l y  a c t i v e ,  b u t  
s o o n  m oves a b o u t  i n  t h e  c o c o o n .  The e l y t r a  a r e  c ream  
c o l o u r e d  i n  n e w ly  e m erg ed  a d u l t s ,  b u t  g e t  w e l l  t a n n e d  
w i t h i n  a  fe w  h o u r s  o f  e m e rg in g ,  a n d  f u r t h e r  g r a d u a l  
t a n n i n g  c o n t i n u e s  f o r  a b o u t  a  f o r t n i g h t .
S om etim e a f t e r  b e c o m in g  a d u l t ,  i t  i s  s e e n  w i t h  t h e  
a n t e r i o r  end  " p r e s s e d ” t o  t h e  f l o o r  o f  t h e  c o c o o n .  I t  
i s  p o s s i b l e  t h a t  t h e  b e e t l e  e x u d e s  a  s o f t e n i n g  f l u i d  t h r o u g h  
t h e  m ou th  t o  d i s s o l v e  t h e  c o c o o n  s i l k ,  f o r  i t  h a s  n e v e r  
b e e n  s e e n  t o  b r e a k  t h e  s t r a n d s .  I n  f a c t  t h e  c o c o o n  a p p e a r s  
t o  be  l i n e d  on t h e  i n s i d e  b y  a  g e l a t i n o u s  s e c r e t i o n .  T h i s  
m a n n e r  o f  em e rg en c e  f ro m  t h e  c o c o o n  i s  r e p o r t e d  f o r  c e r t a i n  
s a t u r n i d s  ( l e p i d o p t e r a )  (Imms 1 9 5 7 ) .  The a d u l t  h a s  b e e n  
d e s c r i b e d  i n  d e t a i l  b y  B is h o p  ( 1 9 5 8 ) .
C . f e r r u g i n e u s .
The e a r l y  s t a g e s  o f  t h e  s p e c i e s  a r e  v e r y  s i m i l a r  t o
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t h o s e  o f  C. t u r c i c u s . The e g g s  a r e  som ew hat l a r g e r ,  
v a r y i n g  i n  l e n g t h  f ro m  0 .5 7  t o  0 .6 9  mm an d  0 .1 7  t o  0 .2 2  mm 
w id e  ( s e e  T a b le  I I I ) .  T h e se  r e a d i n g s  a r e  on  t h e  w h o le  
som ew hat l e s s  t h a n  t h o s e  g i v e n  b y  R i l e t t  (194-9) who 
a l s o  g i v e s  t h e  d e s c r i p t i o n  o f  a l l  t h e  s t a g e s  o f  t h e  i n s e c t .
H a tc h in g  o f  t h e  eg g  i s  a l s o  much l i k e  t h a t  o f  
G. t u r c i c u s . b u t  no l a r v a e  have  b e e n  o b s e r v e d  e m e rg in g  
t a i l  e n d  f i r s t .  S h e p p a rd  (1 9 5 7 )  g i v e s  t h e  m e a s u re m e n ts  
o f  n e w ly  h a t c h e d  l a r v a e  a s  0 . 7  mm l o n g .  From a b o u t  t e n  
t o  f i f t e e n  c a s e s  o b s e r v e d ,  t h e  l a r v a  h a s  b e e n  s e e n  t o  
t a k e  a b o u t  t w e n t y  m i n u t e s  t o  em erge  f ro m  t h e  e g g .
The f o u r t h  i n s t a r  i s  m o s t a c t i v e ,  and  i t  o f t e n  g e t s  
t o  t h e  s u r f a c e  o f  t h e  f o o d  i n  c u l t u r e s ,  a n d  m oves a b o u t  
v e r y  r a p i d l y .  T h i s  i s  r e m a r k a b l e  s i n c e  t h e  l o n g  abdom en 
h a s  o n l y  t h e  a n a l  c e r c i  a s  a p p e n d a g e s ,  b u t  t h e s e  a r e  n e t  
u s e d  f o r  m o v in g  i n  t h i s  m a n n e r .  The l a r v a  p r o d u c e s  s i l k  
a n d  m ak es  a  m eshw ork  i n c o r p o r a t i n g  f a e c e s  o r  f o o d  p a r t i c l e s  
i n  a n  a t t e m p t  t o  b u i l d  a  c o c o o n .  A l th o u g h  a  p r o p e r  c o c o o n  
l i k e  t h a t  o f  0 .  t u r c i c u s  i s  n o t  b u i l t ,  i t  c o n s t r u c t s  a  
r e a s o n a b l y  p r o t e c t e d  s h e l t e r ,  w i t h i n  w h ich  t o  p u p a t e .
The l a r v a  g r a d u a l l y  b eco m es s h o r t e n e d ,  due t o  t h e  
c o n t r a c t i o n  o f  t h e  abdom en, an d  r e m a i n s  a s  t h e  p r e p u p a  
w h ic h  a f t e r  one t o  f o u r  d a y s ,  d e p e n d in g  on  t h e  e n v i r o n m e n t a l  
c o n d i t i o n s ,  m o u l t s  t o  t h e  p u p a l  s t a g e .  T a n n in g  i s  s i m i l a r  
t o  t h a t  f o u n d  i n  0 .  t u r c i c u s . On e m e rg in g  f ro m  t h e  p u p a l  
s k i n ,  t h e  a d u l t  a f t e r  some t im e  b r e a k s  t h e  s i l k  t h r e a d s  
w i th  t h e  m outh  p a r t s .  I t  h a s  o f t e n  b e e n  o b s e r v e d  d r a w in g  
t h e  s t r a n d s  t o w a r d s  t h e  c e n t r e  o f  t h e  m o u th ,  w d th  t h e  
m a x i l l a e ,  p r o b a b l y  w i th  one o f  t h e  e n d i t e s ,  a n d  e v e n t u a l l y  
r e l e a s e s  i t s e l f  f ro m  t h e  c o c o o n .
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D ev e lo p m en t on  D i f f e r e n t  P a r t i  d e - S i z e  o f  F o o d .
M a t e r i a l  a n d  M e th o d .
C u l t u r e s .
I n s e c t  c u l t u r e s  f o r  t h e  e x p e r i m e n t s  w ere  m a i n t a i n e d  
a s  f o l l o w s .  A bou t 100 a d u l t s  w ere  i n t r o d u c e d  t o  a  two 
p o u n d  jam  j a r ,  t w o - t h i r d s  f u l l  o f  a  m i x t u r e  o f  w h e a t f e e d ,  
r o l l e d - o a t s  a n d  y e a s t  i n  t h e  p r o p o r t i o n  o f  3 : 3 : 1 .  The 
m outh  o f  t h e  j a r  was c o v e r e d  w i t h  b l a c k  f i l t e r  p a p e r ,  t o  
a v o i d  t h e  e n t r y  o f  m i t e s ,  an d  s e a l e d  w i t h  p a r a f f i n  w ax.
The j a r  was p l a c e d  i n  a  l a r g e  t r o u g h  c o n t a i n i n g  a  
s a t u r a t e d  s o l u t i o n  o f  so d iu m  c h l o r i d e .  T h i s  l a s t  p r o v i d e d  
a  r e l a t i v e  h u m id i ty  o f  75% o v e r  a  r a n g e  o f  t e m p e r a t u r e  
i n c l u d i n g  28^  C (O ’B r i e n  194-9). Two s e t s  o f  c u l t u r e s  
o f  e a c h  s p e c i e s  w e re  k e p t  a t  t h e  same t i m e ,  an d  t h e  t r o u g h  
c o v e r e d  w i t h  a  p l a s t i c  t r a y .  T h i s  was l e f t  i n  a n  i n c u b a t o r  
a t  a  t e m p e r a t u r e  o f  2 8 °  + 1 °  C. A d e e p  d i s h  o f  s o l i d  p o t ­
a s s iu m  h y d r o x id e  w as l e f t  among t h e  j a r s ,  so  a s  t o  a v o i d  
t h e  a c c u m u l a t i o n  o f  c a r b o n  d i o x i d e .  I n  a d d i t i o n  t h e  
t r o u g h  c o v e r  w as o p e n e d  e v e r y  o t h e r  d a y .  The i n s e c t s  
w ere  s u b c u l t u r e d  i n  t h e  same m a n n e r  a t  i n t e r v a l s  o f  a b o u t  
s i x  w e e k s .
T e m p e r a tu r e  an d  h u m id i ty  f o r  e x p e r i m e n t s .
E x p e r im e n t s  w e re  c a r r i e d  o u t  i n  a n  i n c u b a t o r  a t  t h r e e  
d i f f e r e n t  t e m p e r a t u r e s  a c c u r a t e  t o  + 0 . 5 ^  C. The r e l a t i v e  
h u m id i ty  w as m a i n t a i n e d  c o n s t a n t  a t  60 o r  80% i n  d e s i c c a t o r s  
b y  m eans o f  potassnm h y d r o x id e  s o l u t i o n s  (S o lo m o n  195 I  ) .  I n  
t h e  d e s i c c a t o r s  w e re  p e r f o r a t e d  p e r s p e x  p l a t e s ,  on  w h ich  
t h e  e x p e r i m e n t a l  t u b e s  w ere  s t o o d  i n  b u n d l e s  h e l d  t o g e t h e r  
b y  r u b b e r  b a n d s .
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F o o d .
The f o o d  u s e d  was w h e a t ,  i n  t h r e e  p a r t i c l e  s i z e s .
( 1 )  W hole G r a i n  -  T h i s  w as  hand p i c k e d  a n d  a n y  g r a i n  
sh o w in g  i n s e c t  dam age, o r  b r e a k  i n  t h e  p e r i c a r p  w as r e j e c t e d .  
(M ost g r a i n  shov/ed some dam age u n d e r  m i c r o s c o p e ,  t h e r e f o r e
i t  w o u ld  h av e  b e e n  d i f f i c u l t  t o  f i n d  c o m p l e t e l y  s o u n d  
g r a i n s  en o u g h  f o r  e x p e r i m e n t s ) .
( 2 )  Some undam aged  g r a i n  w as p a s s e d  t h r o u g h  a  c o f f e e  
g r i n d e r  a d j u s t e d  t o  t h e  c o a r s e s t  p o s s i b l e ,  s o  t h a t  t h e  
s i z e  o f  a n  i n d i v i d u a l  p a r t i c l e  w as a b o u t  h a l f  o r  o n e - t h i r d  
o f  t h a t  o f  t h e  w h o le  g r a i n .  I n  t h e  b r o k e n  o r  c r u s h e d  
g r a i n ,  t h e  w h e a t  g r a i n  w as m ore o r  l e s s  m e r e l y  i r r e g u l a r l y  
s p l i t  a n d  b r o k e n  a t  one o r  tw o s l i t s ,  and  v e r y  l i t t l e  
” d u s t ” r e s u l t e d .  S u r p r i s i n g l y ,  no  germ  w as f o u n d  i n  t h e  
d u s t ,  t h e r e f o r e  t h e  l a t t e r  w as s o l e l y  e n d o s p e rm .
( 5 )  Some undam aged  g r a i n  w as g r o u n d  t h r o u g h  t o  f l o u r  
c o m p l e t e l y  a n d  p a s s e d  t h r o u g h  a  4 0  m esh t o  t h e  i n c h  s i e v e ,  
an d  t h e  r e s i d u e  g ro u n d  w i th  a  p e s t l e  a n d  m o r t a r  a n d  
s i e v e d ,  a n d  t h i s  r e p e a t e d  t i l l  no  r e s i d u e  w as l e f t .
H ence i n  t h e  t h r e e  p a r t i c l e  s i z e s  o b t a i n e d  t h e  c o n t e n t s  
o f  t h e  w h e a t  r e m a in s  i n  t h e  same p r o p o r t i o n ,  ( a l t h o u g h  t h e  
c r u s h e d  g r a i n  w o u ld  c o n t a i n  s l i g h t l y  l e s s  e n d o s p e rm ,  t h i s  
i s  c o n s i d e r e d  n e g l i g i b l e  co m p a red  t o  t h e  a c t u a l  q u a n t i t y  
p r e s e n t ) .  The f o o d  w as s t e r i l i s e d  b y  s u b j e c t i n g  i t  t o  
7 0 °  C f o r  f o u r  h o u r s  i n  c l o s e d  k i l n e r  j a r s .  A s m a l l  am oun t 
o f  f o o d  w as l e f t  a t  t h e  t e m p e r a t u r e  a n d  h u m id i ty  o f  t h e  
e x p e r i m e n t s  f o r  a t  l e a s t  s i x  d a y s  b e f o r e  t h e  e g g s  w e re
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p l a c e d  on  i t ,  i n  o r d e r  t o  s t a n d a r d i s e  t h e  fo o d  t o  t h e  
c o n d i t i o n s .
E q u a l  v o lu m e s  o f  c r u s h e d  g r a i n  o r  f l o u r ,  o r  f i v e  
w h e a t  g r a i n s  w ere  p l a c e d  i n  e a c h  o f  2 x  i n c h  t u b e s .
The d e s i c c a t o r s  w ere  o p e n e d  w e e k ly  a t  t h e  s t a r t  b u t  
d a i l y  o b s e r v a t i o n s  w ere  made a  fe w  d a y s  b e f o r e  t h e y  w o u ld  
becom e a d u l t s .  S i n c e  d i s t u r b a n c e  w as b e i n g  k e p t  t o  a  
minimum no e f f o r t  w as made t o  o b s e r v e  t h e  t i m e  o f  c o c o o n -  
f o r m a t i o n .
E g g s .
The e g g s  w ere  o b t a i n e d  f o r  a l l  t h e  e x p e r i m e n t s  a s  
f o l l o w s .  A bou t f i f t y  a d u l t s  w ere  re m o v e d  f ro m  t h e  
c u l t u r e  w i t h  a n  a s p i r a t o r ,  and  p l a c e d  on  w h o le  w h e a t f l o u r  
a l r e a d y  p a s s e d  t h r o u g h  a  60 m esh t o  t h e  i n c h  s i e v e  a n d  
w e re  k e p t  a t  2 8 °  C and  75% R .H . On t h e  f o l l o w i n g  d ay  
a b o u t  t h e  same t i m e ,  t h e  f l o u r  w as s i e v e d  u s i n g  a  s i m i l a r  
s i e v e .  M ost o f  t h e  e g g s  w e re  r e t a i n e d .
I n  p r e l i m i n a r y  e x p e r i m e n t s  a  num ber o f  e g g s  w e re  
p l a c e d  i n  s o l i d  w a tc h  g l a s s e s  an d  t h e  l a r v a e  h a t c h i n g  
w e re  p l a c e d  s i n g l y  i n  t u b e s  c o n t a i n i n g  f o o d .  A lm o s t  a l l  
t h e  e g g s  h a t c h e d ;  a  fe w  how ever d i d  n o t ,  a n d  t h e s e  show ed 
m in u t e  i n d e n t a t i o n s ,  w h ic h  c o u l d  b e  p o s s i b l y  due  t o  
dam age b y  t h e  e a r l i e r  h a t c h e d  l a r v a e .  F i r s t  i n s t a r s  w e re  
d e l i c a t e ,  e s p e c i a l l y  t h o s e  o f  C. t u r c i c u s , b e c a u s e  t h o s e  
s u b j e c t e d  t o  r e p e a t e d  h a n d l i n g  show ed h i g h e r  m o r t a l i t y  
t h a n  t h o s e  l e f t  u n d i s t u r b e d  a f t e r  h a t c h i n g .  T h e r e f o r e ,  
i t  w as d e c i d e d  t o  p l a c e  t h e  egg  i t s e l f  on t h e  e x p e r i m e n t a l  
f o o d .  I n t  he e x p e r i m e n t s  w h ere  t h e  p e r i o d  o f  i n c u b a t i o n
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w as d e t e r m i n e d  i t  w as fo u n d  t h a t  n o t  m ore t h a n  abou t one 
eg g  i n  f i f t e e n  was n o n - v i a b l e  u n d e r  t h e  same e x p e r i m e n t a l  
c o n d i t i o n s .
The b a s i s  f o r  t h e  c r i t e r i o n  u s e d  f o r  c o m p a r in g  t h e  
e f f e c t  o f  t h e  p a r t i c l e  s i z e  o f  f o o d  i s  t h e  d e v e lo p m e n ta l  
p e r i o d  o f  t h e  l a r v a .  A t an y  p a r t i c u l a r  e n v i r o n m e n t a l  
c o n d i t i o n s ,  t h e  p e r i o d  o f  i n c u b a t i o n  a n d  t h e  l e n g t h s  o f  
o t h e r  i n a c t i v e  s t a g e s ,  su c h  a s  p r e p u p a  a n d  p u p a ,  r e m a in  
f a i r l y  c o n s t a n t .  T h e r e f o r e ,  i n  p l a c e  o f  t h e  p e r i o d  o f  
d e v e lo p m e n t  t h e  m ore  c o n v e n i e n t  m e a s u re  o f  t h e  eg g  t o  
a d u l t  o r  p r e - a d u l t  p e r i o d  i n  d a y s  was t a k e n .  A l th o u g h  
C. t u r c i c u s  m akes a  f a i r l y  o p aq u e  c o c o o n ,  t h e  o c c u p a n t  i s  
d im ly  v i s i b l e  t h r o u g h  t h i s ,  a n d  s i n c e  t h e  p u p a  b ec o m es  
t a n n e d  j u s t  b e f o r e  e m e rg e n c e ,  t h e  d a t e  o f  t h e  a d u l t s  
e m e r g in g  f ro m  t h e  p u p a l  s k i n  c a n  b e  n o t e d  t o  w i t h i n  
t w e n t y - f o u r  h o u r s .  F o r  t h o s e  on  w h o le  g r a i n ,  w h e re  some 
em e rg ed  a s  a d u l t s  f ro m  w i t h i n  t h e  g r a i n ,  i t  w as n e c e s s a r y  
t o  d e d u c t  t h e  a v e r a g e  p r e - e m e r g e n c e  p e r i o d ,  f o u n d  i n  t h o s e  
w h ich  p u p a t e d  o u t s i d e  t h e  g r a i n ,  b u t  w i t h i n  a  c o c o o n ,  t o  
d e t e r m i n e  t h e  d a y  o f  t h e  f i n a l  m o u l t .
R e s u l t s .
The eg g  t o  a d u l t  p e r i o d  o b t a i n e d  on  t h e  t h r e e  f o o d s  
a t  e a c h  t e m p e r a t u r e  a n d  h u m id i ty  a r e  g i v e n  g r a p h i c a l l y  
( F i g .  I  a n d  2 ) .  A ” t ” t e s t  was a p p l i e d  t o  t h e s e  r e s u l t s  
a n d  t h e  v a l u e s  f o r  p r o b a b i l i t y  a r e  g i v e n  i n  t a b l e  V.
G ra p h s  a r e  d raw n  u s i n g  t h e  mean eg g  t o  a d u l t  p e r i o d  a t  
d i f f e r e n t  c o n d i t i o n s  ( F i g .  3 suad 4 )  a n d  t h e  same a l s o  
g i v e n  i n  t a b l e  IV , a l o n g  w i t h  t h a t  o f  t h e  p e r c e n t a g e  
m o r t a l i t y .  W hile  t h e  p r e - e m e r g e n c e  p e r i o d  an d  t h e  
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F ig .  1 . H is to g ra m s  show ing th e  number o f  i n s e c t s  t h a t  co m p le ted  d e v e io jan en t and  
t h e i r  egg  to  a d u l t  p e r io d  a t  d i f f e r e n t  te m p e ra tu re s  and  80Jo E ,H . , f o r  th e  
two s p e c i e s .
c . T U R C I C U S 22 5 °C- 8 0 “/oR.H., . F E R R U G I N E U S
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II % 3^  T  P ERI OD IN DAYS lo t*Ü
Note. Number of eggs used were 30 
at 27.5° C and 22.5 C each, 
and 15 at 32.5° C; for each 
soecies.
32-5“C.-607oR.H. FERRUGINEUS 275°C.-607oR.H. FERRUGINEUS
FT■ -n
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r i g ,  2 ,  H is to g ra m s show ing th e  num ber o f  i n s e c t s  t h a t  co m p le te d  d ev e lo p m en t and  
t h e i r  egg  to  a d u l t  p e r io d ,  a t  d i f f e r e n t  te m p e ra tu re s  an d  60^  R .H .,  f o r  
t h e  two s p e c i e s .
c . T U R C I C U S 2 2 5 “C.-607oR.H. c . F E R R U G I N E U S
n n-P
P E R I O D  IN DAYS
S 5
Note. Number of eggs used were ^0 a.t 2 7 .^ C and 22.^ C 
each, and 13 at 32.5 C, for each species. (Due to 
an accident at 22.3 C, the exact number of C.turcicus 
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t e m p e r a t u r e  *c
F i g .  J .  The e f f e c t  o f  p a r t i c l e  s i z e  o f  f o o d  on t h e  egg 
t o  a d u l t  p e r i o d  o f  C. t u r c i c u s , a t  d i f f e r e n t  





60% R .H . ,  C ru sh e d  G r a in .  
80% R .H . ,  C ru sh e d  G r a in .  
” ” Whole G r a in .













F i g .  4 .  The e f f e c t  o f  p a r t i c l e  s i z e  o f  f o o d  on t h e  egg 
t o  a d u l t  p e r i o d  o f  C. f e r r u g i n e u s , a t  d i f f e r e n t  





F . — 
F. -
60% R .H . ,  Whole G r a in .
” ” F l o u r .
” ” C ru sh e d  G ra in ,
80% R .H . ,  C ru sh e d  G ra in ,  
” ” Whole G r a in .





F ig . 5* Tbe e f fe c t  of temperature on th e pre-emergence 
period  o f  C. tu rc icu s  and C. ferrugineus on 
f lo u r  and crushed grain .
A. -  0 . tu r c ic u s , 80% R.H. Crushed Grain.
B. -  0 . ferru g in eu s, 80% R.H. Crushed Grain.
C. -  80% R.H. Flour.
»t 60% R'H. F lour.D. -
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a d u l t s ,  a r e  g iv e n  i n  t a b l e  V I, and g ra p h s  have b e e n  drawn 
f o r  t h e  f i r s t  where s u f f i c i e n t  num bers were a v a i l a b l e  
( F ig .  5)» The egg t o  a d u l t  p e r i o d  o f  t h e  i n d i v i d u a l s  
o f  a l l  e x p e r im e n ts ;  and  th e  v a l u e s  o f  ”t»’ and the**degrees 
o f  freedom*’ f o r  th e  p r o b a b i l i t y  v a l u e s  o f  t a b l e  V, a r e  
g iv e n  i n  t h e  a p p e n d ix .
D iscu ssion  and C onclusions.
The m ost o b v io u s  f a c t s  em erg ing  from  th e  r e s u l t s  a r e  
t h a t  C. t u r c i c u s  c a n n o t  d e v e lo p  on r e a s o n a b ly  undamaged 
whole g r a i n  ( i . e .  w i th  no i n s e c t  damage o r  c r a c k s  v i s i b l e  
t o  t h e  n ak ed  e y e ) ,  a t  low h u m id i ty  and  t h a t  $ 2 .5 ^  C i s  
n o t  a  s u i t a b l e  t e m p e r a tu r e  f o r  t h e  deve lopm en t o f  t h i s  
s p e c i e s .
I t  i s  a l s o  c l e a r  t h a t  3 2 .5 ^  C i s  n e a r e r  t h e  optimum 
te m p e r a tu r e  f o r  t h e  deve lopm en t o f  C• f e r r u g i n e u s , th a n  
e i t h e r  2 7 .3 ^  C o r  2 2 ,3 °  C, and  t h a t  w i t h i n  t h e  e x p e r im e n ta l  
r a n g e ,  a  r a p i d  i n c r e a s e  i n  d ev e lo p m en t o c c u rs  w i th  i n c r e a s e  
o f  t e m p e r a tu r e  and  h u m id i ty .  Developm ent o f  C. t u r c i c u s  
i s  q u ic k e r  a t  2 7 .3 °  C, t h a n  a t  3 2 .3 ^  0 o r  2 2 .3 ^  C, 
c o n s i d e r i n g  m o r t a l i t y  a s  w e l l ,  show ing t h a t  optimum 
te m p e r a tu r e  f o r  t h i s  s p e c i e s  i s  be low  3 2 .3 °  C.
Since whole grain  i s  not always a c c e ss ib le  to  th e  
larva  for  feed in g , the crushed grain  and flo u r  w i l l  be 
considered , in  comparing th e e f f e c t  o f p a r t ic le  s iz e s  
on the developmental p eriod .
I t  can  b e  s e e n  from  t a b l e  IV, t h a t  developm ent o f  
C. t u r c i c u s  on f l o u r  and  c ru s h e d  g r a i n  i s  m ost r a p i d  a t  
3 2 . 5°  c and  80% R .H .,  and a t  2 7 .5 °  C and  80% R .H . ;
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a l th o u g h  i t  i s  q u ic k e r  on c r u s h e d  g r a i n ,  t h e  d i f f e r e n c e ,  
i s  s t a t i s t i c a l l y  s i g n i f i c a n t  o n ly  b e tw e en  0 .0 2  and 0 .0 5  
p r o b a b i l i t y  i n  t h e  f o rm e r ,  and i s  n o t  s i g n i f i c a n t  i n  t h e  
l a t t e r .  B ut m o r t a l i t y  i s  h igh  on c r u s h e d  g r a i n  i n  t h e  
fo rm e r  c o n d i t i o n s .  At 2 2 .5 ^  0 a t  b o th  h u m i d i t i e s ,  and 
a t  2 7 . 5° C and  60% R.H. t h e  p e r i o d  o f  deve lopm en t i s  
s h o r t e s t  on f l o u r ,  m o r t a l i t y  b e in g  s i m i l a r  t o ,  o r  l e s s  
t h a n  t h a t  i n  t h e  p r e v i o u s  c o n d i t i o n s ,  l o n g e s t  on whole 
g r a i n  (when deve lopm ent t a k e s  p l a c e ) ,  and  i n t e r m e d i a t e  
on c r u s h e d  g r a i n .
But i n  a l l  th e  e x p e r im e n ts ,  t h e  d e v e lo p m e n ta l  p e r io d  
o f  0 .  f e r r u g i n e u s  i s  s h o r t e r  on c ru s h e d  g r a i n  t h a n  on 
w hole g r a i n  o r  f l o u r ,  t h e  d i f f e r e n c e  b e in g  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  e x c e p t  i n  two e x p e r im e n ts  w hich w ere a t  low 
h u m i d i t i e s .  The d e v e lo p m e n ta l  p e r i o d  on w hole g r a i n  i s  
s i g n i f i c a n t l y  s h o r t e r  t h a n  on f l o u r  a t  h igh  r e l a t i v e  
h u m id i ty ,  b u t  a l th o u g h  t h e  r e v e r s e  o c c u r s  a t  low h u m id i ty ,  
t h e  d i f f e r e n c e  i s  n o t  s i g n i f i c a n t .
T h e r e f o r e  o f  t h e  two fo rm s p r o v id e d  a f f o r d i n g  e q u a l  
a v a i l a b i l i t y  o f  th e  food f o r  t h e  i n s e c t ,  i n  most e x p e r im e n ts  
d eve lopm en t was s i g n i f i c a n t l y  q u ic k e r  on t h e  c o a r s e r  fo o d , 
nam ely  c r u s h e d  g r a i n  f o r  C. f e r r u g i n e u s , and on th e  f i n e r  
fo o d  nam ely  f l o u r  f o r  C. t u r c i c u s , w h i le  t h e  p e r i o d  o f  
deve lopm en t i n  a l l  o t h e r  e x p e r im e n ts  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t ,  o n ly  one c o m b in a t io n  showed a m a rg in a l  v a l u e .
I t  i s  s e e n  t h e r e f o r e  t h a t  t h e  r a t e  o f  deve lopm en t o f  
t h e  two s p e c i e s  i s  a f f e c t e d  by  t h e  p a r t i c l e  s i z e  o f  th e  
fo o d ,  o t h e r  c o n d i t i o n s  r e m a in in g  c o n s t a n t .
44
With r e g a r d  t o  t e m p e r a tu r e  t h e  h ig h  m o r t a l i t y  
o c c u r in g  a t  5 2 .5 °  C f o r  C. t u r c i c u s  shows t h a t  t h i s  i s  
n o t  a  s u i t a b l e  t e m p e r a tu r e  f o r  i t s  d ev e lo p m e n t.  The 
i n c r e a s e  i n  t h e  d e v e lo p m e n ta l  p e r i o d  a t  h igh  r e l a t i v e  
h u m id i ty  a t  2 7 .5 °  0 and  5 2 . 5° C on f l o u r ,  o th e rw is e  t h e  
b e s t  medium f o r  i t s  r a p i d  d ev e lo p m en t,  i n d i c a t e s  t h a t  t h e  
f l o u r  i s  n o t  i n  a  s u i t a b l e  form  a t  t h e s e  c o n d i t i o n s .
P ro b a b ly  s in c e  f l o u r  g e n e r a l l y  c a k e s  o r  a g g lo m e ra te s  a t  
h igh  r e l a t i v e  h u m id i ty  th e  s u i t a b i l i t y  o f  w hole g r a i n  i s  
m arked . Hence i t  a p p e a r s  t h a t  deve lopm ent o f  C. t u r c i eus 
d i f f e r s  even  on t h e  same fo o d ,  d ep e n d in g  on th e  
t e m p e r a tu r e - h u m id i ty  c o n d i t i o n s ,  which p r e v a i l  and  a l t e r  
t h e  p h y s i c a l  s t a t e  o f  t h e  fo o d ,  p e r h a p s  w i th  r e g a r d  t o  
i t s  m a n ip u la t io n  t o  f e e d i n g .
A lso  a f f e c t e d  by  th e  t e m p e r a tu r e  and  h u m id i ty  and 
t o  some e x t e n t  by  th e  fo o d ,  i s  t h e  p e r i o d  t h e  a d u l t  re m a in s  
i n  t h e  cocoon . T h is  p e r i o d  be tw een  t h e  em ergence o f  th e  
a d u l t  from  t h e  p u p a l  s k in  and  em ergence from  t h e  cocoon, 
i s  g e n e r a l l y  r e f e r r e d  t o  a s  p r e -e m e rg e n c e .  T h is  p e r i o d  
a p p e a r s  t o  be o f  s h o r t e s t  d u r a t i o n  a t  ab o u t t h e  p r o b a b le  
optimum p h y s i c a l  c o n d i t i o n s  o f  t h e  two s p e c i e s  ( t a b l e  V I ) .
I n  com paring  c ru s h e d  g r a i n  and f l o u r  i n  t a b l e  VI, 
th e  p re -e m e rg e n c e  i s  g e n e r a l l y  o f  lo n g e r  d u r a t i o n  when 
th e  cocoon i s  made i n  f l o u r  f o r  b o th  s p e c i e s .  A lthough  
t h e r e  i s  no d e f i n i t e  t r e n d  w ith  r e g a r d  t o  r e s u l t s  on 
r e l a t i v e  h u m id i ty ,  th e  p re -e m e rg e n c e  p e r i o d  seems t o  be 
somewhat lo n g e r  f o r  bo th  s p e c i e s  a t  h ig h  h u m id i ty .  But a  
m arked v a r i a t i o n  a p p e a r s  w i th  t e m p e r a tu r e ,  a s  shown i n  th e  graph
45 •
( F ig .  5 ) .  The form  o f  cu rv e  shows a d e f i n i t e  t r o u g h  f o r  
G. t u r c i c u s  on one fo o d  and h u m id i ty  w i t h i n  t h e  t e m p e r a tu r e  
l i m i t s  c h o se n .  The s h o r t e s t  t im e  f o r  p re -e m e rg e n c e  l i e s  
i n  t h e  t e m p e r a tu r e  r a n g e  w i th in  th e  t r o u g h ,  and  p o s s i b l y  
p r e - a d u l t  deve lopm en t i s  a l s o  s h o r t e s t  i n  t h i s  r a n g e .
The g rap h  f o r  C. f e r r u g i n e u s  a t  b o th  h u m id i t i e s  
p r o b a b ly  a p p ro a c h e s  a  t r o u g h  a t  a b o u t  5 2 . 5 ^ 0 w hich  a p p e a r s  
t o  be ab o u t th e  optimum te m p e r a tu r e  f o r  t h i s  ^ e c i e s .  I t  
i s  i n t e r e s t i n g  t h a t  a t  t h i s  t e m p e r a tu r e  o n ly  one o f  t h e  
tw e lv e  i n s e c t s  w hich became a d u l t s  on c ru s h e d  g r a i n  b u i l t  
a  cocoon , and t h e  i n s e c t  from  t h i s  em erged t h e  same day 
a s  i t  became a d u l t .  U n f o r tu n a t e ly  t h e  two i n d i v i d u a l s  o f  
C . t u r c i c u s  which b u i l t  cocoons a t  t h i s  t e m p e r a tu r e  were 
n o t  o b s e rv e d  f o r  p re -e m e rg e n c e ,  b u t  i t  i s  c e r t a i n  t h a t  
t h i s  was more th a n  one d a y .
P o s s i b l y  cocoon b u i l d i n g  i s  a  r e c e n t  a c q u i s i t i o n  i n  
th e  c a s e  o f  0 .  f e r r u g i n e u s , where i t  b u i l d s  o n ly  when 
c o n d i t i o n s  a r e  n o t  i d e a l .  On th e  o t h e r  hand i t  i s  p o s s i b l e  
i t  had a t  one t im e  t h e  cocoon  b u i l d i n g  h a b i t ,  which i s  
g r a d u a l l y  b e in g  l o s t  u n d e r  f a v o u r a b le  c o n d i t i o n s ,  and can  
s t i l l  be u s e d  to  d e a l  w i th  u n f a v o u r a b le  s i t u a t i o n s .
C. t u r c i c u s  a s  a  r u l e  seems t o  b u i l d  a  cocoon .
SECTION 1ST
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Developm ent o f  I n d i v i d u a l  S ta g e s  o f  C. t u r c i c i i s
and C. f e r r u g i n e u s .
M etbod .
With t h e  e x c e p t io n  t h a t  t h e  fo o d  p r o v id e d  i n  each  
tu b e  was two t r a n s v e r s e  s e c t i o n s  o f  w h ea t,  and d a i l y  
o b s e r v a t i o n s  w ere made th ro u g h o u t  t h e  e x p e r im e n t ,  t h e  
method fo l lo w e d  was t h e  same a s  t h a t  i n  t h e  e x p e r im en t 
u s in g  d i f f e r e n t  p a r t i c l e  s i z e  o f  f o o d .  The d i s c o v e r y  
o f  t h e  m o u lte d  s k i n  i n d i c a t e d  t h e  end o f  each  s t a g e .
The s k i n  was rem oved im m e d ia te ly .
R e s u l t s ,
From t a b l e  V II  which g iv e s  t h e  a v e ra g e  p e r i o d  o f  
d eve lopm en t o f  t h e  i n d i v i d u a l  s t a g e s  a t  t h e  two t e m p e r a tu r e s  
and t h r e e  r e l a t i v e  h u m id i t i e s ;  i t  i s  s e e n  t h a t  m o r t a l i t y  
was 100% f o r  C. t u r c i c u s  i n  th e  f i r s t  i n s t a r ,  a t  5 2 .5 ^  0 
and 60% R ,H . , w h ile  o n ly  two became a d u l t s  a t  80% R.H.
Under t h e s e  c o n d i t i o n s  m ost 0 , f e r r u g i n o u s  became a d u l t s .
At 2 2 ,5 ^  C however, more C, t u r c i c u s  became a d u l t s  th a n  
a t  5 2 . 5^ C, and  a t  t h i s  t e m p e r a tu r e  somewhat l e s s  
C, f e r r u g i n o u s  d i d .
D is c u s s io n  and C o n c lu s io n ,
The h igh  m o r t a l i t y  o f  C. t u r c i c u s  a t  2 2 .5 ^  C s u g g e s t s  
t h a t  d a i l y  o b s e r v a t i o n  r e s u l t s  i n  a p p r e c i a b l e  d i s t u r b a n c e  
t o  t h e  l a r v a e ;  s i n c e  a t  t h e  same te m p e r a tu r e  on c ru s h e d  
g r a i n  ( a  com parab le  fo o d  t o  s e c t i o n  o f  w h e a t) ,  when d a i l y  

























































































The le n g th  of th e  s ta g e s  in  th e  l i f e  h i s to r y ,  which 
a re  no t d i r e c t l y  concerned w ith  feed in g , t h a t  i s  th e  
p e r io d  of in c u b a t io n  and pupal p e r io d ,  appear to  be of 
s h o r t e r  d u ra t io n  f o r  Ç. tu r c i c u s  th an  C. f e r ru g in o u s , 
b u t  th e  l a r v a l  p e r io d  i s  lo n g er  f o r  C. t u r c i c u s , e s p e c ia l ly  
a t  th e  lower te m p e ra tu re • The pupal p e r io d  fo r  C. fe r ru g in o u s  
shows an in c re a s e  a t  th e  h igher hum idity wherever i t  was 
p o s s ib le  to  o b ta in  th e  d a ta .  For G. t u r c i c u s  i n  th e  
experim ent on th e  p a r t i c l e  s iz e  o f food, such an in c re a s e  
i n  th e  pupal p e r io d  a t  high r e l a t i v e  humidity d id  no t occur.
The number o f  i n s t a r s  o n ly  v e r y  o c c a s i o n a l l y  d e v i a t e d  
from  t h e  n o rm a l .  F o r  C. f e r r u g i n o u s , a t  5 2 .5 ^  C and 80% H.H. 
one se co n d  i n s t a r  m o u lte d  a f t e r  no rm al p e r i o d  b u t  a f t e r  t h e  
n e x t  m o u lt  t h e  l a r v a  became a  p r e p u p a .  I n  a n o t h e r ,  a t  
2 2 .5 ^  C and  68% R.H. t h e  f i r s t  m o u lt  o c c u re d  a f t e r  t h e  
n o rm al p e r i o d  and  t h e  se c o n d  m o u lt  was much d e la y e d ,  and 
t h e  n e x t  gave r i s e  t o  t h e  p r e p u p a .  G e n e r a l ly  t h e  number 
o f  i n s t a r s  i s  i n c r e a s e d  when t h e  c o n d i t i o n s ,  p a r t i c u l a r l y  
t h e  fo o d  a r e  n o t  f a v o u r a b l e ,  b u t  h e re  t h e  norm al number 
o f  i n s t a r s  i s  r e d u c e d ,  w hich  m igh t ev en  s u g g e s t  t h a t  more 
f a v o u r a b le  c o n d i t i o n s  p r e v a i l e d .  T h is  m ig h t b e  so f o r  
C. f e r r u g i n o u s  a t  J 2 .5 ^  C b u t  i t s  o c c u re n c e  a t  2 2 .5 ^  C 
i s  p u z z l i n g .  One o f  t h e  n i n t e e n  l a r v a e  o f  t h e  e x p e r im e n ts  
o f  R i l e t t  (19 4 9 )  (Number 18 )  a t  70^ F and  75% R .H . , had 
o n ly  t h r e e  i n s t a r s  i n s t e a d  o f  t h e  norm al f o u r ,  w h ich  i s  
a p p a re n t  from  h i s  r e p r e s e n t a t i o n s  o f  t h e  r e s u l t s  ( p .  1 3 5 )> 
a l th o u g h  he makes no m e n tio n  o f  t h i s .  I n  C. t u r c i c u s  two 
o f  t h e  l a r v a e  s k ip p e d  one m o u l t .
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I n  b o th  ^ e c i e s  t h e  f i r s t  i n s t a r  a p p e a r s  t o  have ' 
a  f a i r l y  c o n s t a n t  p e r i o d  o f  d e v e lo p m e n t ,  e x c e p t  f o r
C. t u r c i c u s , a t  t h e  lo w e r  t e m p e r a t u r e ;  w h i le  t h a t  o f  t h e  
f o u r t h  i n s t a r  v a r i e d  m o s t .  I n  a l l  s t a g e s  t h e  i n c r e a s e  
i n  d e v e lo p m e n ta l  p e r i o d  w i th  d e c r e a s e  i n  t e m p e r a t u r e  i s  
v e r y  c l e a r  i n  t h e  two s p e c i e s .
SECTION V
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P eriod  o f In cu bation  o f C. tu rc icu s: and
C. f e r r u g i n o u s .
M e th o d .
E ggs w ere  c o l l e c t e d  i n  t h e  same way a s  i n  p r e v i o u s  
e x p e r i m e n t s ,  and  p l a c e d  i n  em pty p e t r i d i s h e s ,  a n d  t h e  e g g s  
so d i s t r i b u t e d  t h a t  t h e y  d i d  n o t  to u c h  o r  l i e  v e r y  c l o s e  t o  
each  o t h e r .  The p e r i o d  o f  i n c u b a t i o n  was o b s e r v e d  a t  
2 2 .5 °  C, 2 5 . 5 °  0 ,  2 7 . 5 °  0 a n d  5 2 .5 °  C "between 60  and  58%
R .H . The n ew ly  h a t c h e d  l a r v a e  w ere  rem o v ed  w i t h i n  
t w e n t y - f o u r  h o u r s  an d  t h e  num bers  r e c o r d e d .
R e s u l t s .
The E ffe c t  o f Temperature on th e  P eriod  o f  In cu b a tio n .
The r e s u l t s  t o g e t h e r  w i th  r e l e v a n t  i n f o r m a t i o n  from  
o t h e r  e x p e r i m e n t s  a r e  g i v e n  i n  t a b l e  V I I I ,  an d  g r a p h s  
d raw n  ( P i g .  6 ) .  I t  i s  a p p a r e n t  t h a t  w i th  i n c r e a s e  o f  
t e m p e r a t u r e ,  t h e  p e r i o d  o f  i n c u b a t i o n  d e c r e a s e s .  T h i s  
i s  v e r y  c l e a r  f o r  C. f e r r u g i n e u s , an d  a g r e e s  w i th  t h e  
f i n d i n g s  o f  R i l e t t  ( 1 9 4 9 ) .  However t h e  a c t u a l  p e r i o d  o f  
i n c u b a t i o n  i s  somewhat l o n g e r  t h a n  t h a t  f o u n d  by  R i l e t t .
T h is  may be  due  t o  a  d i f f e r e n c e  i n  t h e  c u l t u r e  c o n d i t i o n s  
an d  c o n d i t i o n s  u n d e r  w h ich  t h e  e g g s  w ere  o b t a i n e d ;  b u t  
t h e s e  hav e  n o t  b e e n  m e n t io n e d  f o r  t h e  p a r t i c u l a r  e x p e r im e n t .  
B ish o p  ( 1 9 5 8 ) g i v e s  t h e  p e r i o d  o f  i n c u b a t i o n  a t  90^  F w hich  
v a l u e  i s  v e r y  c l o s e  t o ,  b u t  j u s t  l e s s  t h a n  t h a t  f o u n d  i n  
t h e  p r e s e n t  s t u d y .  T h is  c o u ld  b e  a c c o u n te d  f o r  by  t h e  e g g s  
i n  h i s  e x p e r i m e n t s  b e i n g  l e s s  t h a n ,  e i g h t  h o u r s  o l d  a t  t h e  
b e g i n n i n g  o f  t h e  e x p e r im e n t ,  w h i l e  t h o s e  u s e d  i n  t h e  p r e s e n t
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Table V I I I . P e rio d  of In cu b a tio n  of C. tu rc ic u s  and C. fe rn ir;i:ieu s 





of eggs  
s t a r te d  
w ith
Number P eriod  of
of eggs  In cu b a tio n
hatched
Average 
P e rio d  of 
In cu b a tio n
32.5°C, 




4 .4  days







C .tu rc ic u s  28
C .fe rru g in e u s  2?
C .tu rc ic u s  22
C .fe rru g in eu s  49 H
C .tu rc ic u s
C .tu rc ic u s
68^ R.H. C. fe rru g in e u s
C .tu rc ic u s
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3 .9  days
3 .9  days
3 .5  days
5 .3  days 
4 .2  days
6 .9  days
6 .0  days
10 days
7 .1  days
* Temperature f lu c tu a te d  between 23 -  26.5  ^  C fo r  two days.
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T E M PE R A T U R E  ~ C
F i g .  6. The e f f e c t  o f  t e m p e r a t u r e  on t h e  p e r i o d  o f  
i n c u b a t i o n  o f  C . t u r c i c u s  a n d  G. f e r r u g i n o u s  
a t  a b o u t  64% R .H .
A. -  G. f e r r u g i n o u s
B. -  G. t u r c i c u s .
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i n s t a n c e  w ere  o n ly  known t o  b e  l e s s  t h a n  t w e n t y - f o u r  h o u rs  
o l d .  C. t u r c i c u s  a l s o  shows a  s i m i l a r  r e d u c t i o n  i n  t h e  
p e r i o d  o f  i n c u b a t i o n  w i th  i n c r e a s e  o f  t e m p e r a t u r e ,  b u t  
i t  i s  l e s s  m a rk e d .
B o denhe im er (1 9 2 6 )  u s i n g  B lu n c k ’ s  f o rm u la  showed 
t h a t  t h e  r a t e  o f  d e v e lo p m e n t  v a r i e s  w i t h  t h e  " e f f e c t i v e  
t e m p e r a t u r e " ,  [ th a t  i s  t h e  d i f f e r e n c e  b e tw e e n  t h e  r e c o r d e d  
t e m p e r a t u r e  and  t h e  minimum t e m p e r a t u r e  f o r  d e v e lo p m e n t .  
H ence, a n  a t t e m p t  was made t o  d e te r m in e  t h e  minimum 
t e m p e r a t u r e  r e q u i r e d  f o r  i n c u b a t i o n ,  fro m  t h e  i n f o r m a t i o n  
o b t a i n e d  f ro m  t h e  e x p e r i m e n t s .  The r e c i p r o c a l  o f  t h e  
p e r i o d  o f  i n c u b a t i o n  was p l o t t e d  a g a i n s t  t e m p e r a t u r e ,
( P i g .  7 ) .  The p o i n t s  w here  e a c h  g ra p h  m e e ts  t h e  t e m p e r a t u r e  
a x i s  r e p r e s e n t  t h e  minimum t e m p e r a t u r e  a t  w h ich  d e v e lo p m e n t  
o f  t h e  egg  c a n  o c c u r .  T h i s  i s  c a l c u l a t e d  f rom  t h e  g r a p h ,  
and  i s  a p p r o x i m a t e l y  15  «3^ C f o r  C. f e r r u g i n o u s  and  
1 2 .8 ^  C f o r  0 .  t u r c i c u s . T h is  m ig h t  b e  e x p e c te d  s i n c e  t h e  
p r o b a b l e  optimum t e m p e r a t u r e  f o r  d e v e lo p m e n t  i s  h ig h e r  
f o r  0 .  f e r r u g i n o u s  t h a n  C. t u r c i c u s * But w here c o l d ­
h a r d i n e s s  i s  c o n c e r n e d ,  Solomon an d  Adamson (1 9 5 5 )  have 
shown t h a t  a l t h o u g h  t h e y  b o th  s u r v i v e  s e v e r e  w i n t e r  
c o n d i t i o n s ,  Q. f e r r u g i n o u s  i s  a b l e  t o  w i t h s t a n d  a  lo w e r  
t e m p e r a t u r e  t h a n  C. t u r c i c u s . T h e r e f o r e  i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  a l th o u g h  t h e  minimum t e m p e r a t u r e  f o r  t h e  
d e v e lo p m e n t  o f  t h e  egg  a s  c a l c u l a t e d  f o r  Q. t u r c i c u s  i s  
lo w e r  t h a n  t h a t  o f  C. f e r r u g i n o u s , a d u l t s  o f  t h e  l a t t e r  
s u r v i v e  a t  a  lo w e r  t e m p e r a t u r e  t h a n  t h o s e  o f  C. t u r c i c u s .
A s i m i l a r  c o n d i t i o n  t o  t h a t  o f  Ç. t u r c i c u s  i s  s e e n  i n  
T r ib o l iu m  d e s t r u c t o r ,  w i th  r e g a r d  t o  t h e  p e r i o d  o f
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i n c u b a t i o n  ( B u t l e r  194-9) an d  c o l d - b a r d i n e s s  o f  a d u l t s  
(Solom on an d  Adamson 1955)* T h e i r  r e s u l t s  an d  t h o s e  o f  
t h e  p r e s e n t  w ork a r e  com bined  i n  T a b le  IX .
E ffe c t  o f Humidity on the P eriod  o f In cu b ation .
R i l e t t  (194-9) fo u n d  t h a t  a t  80^ E fro m  a  t o t a l  o f  
t h i r t y - f i v e  Ç. f e r r u g i n e u s  e g g s  p l a c e d  a t  each  o f  10 , 2 5 ,
50 , 6 5 , 75 and  90% r e l a t i v e  h u m i d i t i e s ,  m ost o f  them  h a tc h e d  
i n  e a ch  h u m id i ty ,  e x c e p t  a t  10% w here  o n ly  t h r e e  h a tc h e d ,  
b u t  none h a t c h e d  a f t e r  t h r e e  d a y s  e x p o s u re  t o  t h i s  h u m id i ty .  
I n  a  s i m i l a r  e x p e r im e n t  a t  90^ E, he fo u n d  t h a t  a t  t h e  
f i r s t  t h r e e  h u m i d i t i e s ,  more t h a n  o n e - t h i r d  o f  t h e  eg g s  
i n  t h i s  c a s e  d i d  n o t  h a t c h .  A t 10% R .H . a t  t h i s  t e m p e r a t u r e  
none  h a t c h e d  a f t e r  two d a y s  e x p o s u re  t o  t h e s e  c o n d i t i o n s .
As be s u g g e s t e d  i t  i s  m o s t  l i k e l y  t h a t  t h e  few  e g g s  t h a t  
d i d  n o t  h a t c h  a t  10% R .H . i s  due t o  t h e  f a c t  t h a t  m ost o f  
t h e i r  em b ry o n ic  d e v e lo p m e n t w o u ld  have t a k e n  p l a c e  a t  75% 
R.H. an d  80^ E u n d e r  w h ich  c o n d i t i o n s  t h e  eg g s  w ere  
o b t a i n e d .  S h e p p a rd  (1 9 3 7 )  s t a t e s  t h a t  0 .  f e r r u g i n o u s  
e g g s  t r a n s f e r r e d  t o  s te a m  h e a t e d  c o n d i t i o n s  f a i l e d  t o  h a t c h  
and  s u g g e s t e d  low  h u m id i ty  a s  b e i n g  t h e  c a u s e .
I n  t h e  p r e s e n t  i n s t a n c e  no e x p e r im e n t  was c a r r i e d  o u t  
t o  d e t e r m in e  t h e  e f f e c t  o f  h u m id i ty  on t h e  i n c u b a t i o n  p e r i o d ,  
b u t  i t  w i l l  be  s e e n  t h a t  t h e r e  i s  a  s m a l l  i n c r e a s e  i n  t h e  
p e r i o d  o f  i n c u b a t i o n  a t  $ 2 .5 ^  C when t h e  r e l a t i v e  h u m id i ty  
i n c r e a s e s  f ro m  60% t o  80% f o r  b o th  s p e c i e s .  P o s s i b l y  t h e  
optim um r e l a t i v e  h u m id i ty  i s  b e lo w  80%.
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T ab le  IX . L im i t in g  C o n d i t io n s  o f  Low T em p era tu re  f o r  t h e  
P e r io d  o f  I n c u b a t io n  o f  E ggs, ^ d  S u r v iv a l  o f  
t h e  A d u l ts  f o r  a  few  S p e c ie s  o f  S to r e d  P ro 'duc t 
I n s e c t s i  (F o r  s o u rc e  see  t e x t ) .
S p e c ie s Minimum tem p­
e r a t u r e  f o r  
p e r i o d  o f  
i n c u b a t i o n  
( o f  egg)
L im it  o f  tem p­
e r a t u r e  ra n g e  
f o r  s u r v i v a l  
o f  a d u l t
S u r v iv a l  
t e s t e d  up t o  
te m p e r a tu r e  
r a n g e  o f
T e n e b r io
m o l i t o r 10 -  11° C - 5  t o  6° C - 5  t o  5°  0
T e n e b r io
o b sc u ru s 15° 0 -1 0  t o  6° C -1 0  t o  6° C
T r ib o l iu m
d e s t r u c t o r 10 -  11° C 5 t o  6° 0 - 5  t o  6°  C
T r ib o l iu m
confusum 15° C -1  t o  6° 0 —1 t o  6° 0 +
T r ib o l iu m
castaneum 17° C 5 t o  6° c - 1  t o  6°  0 +
C r y p t o l e s t e s
t u r c i c u s 12 -  15° 0 - 5  t o  6° 0 • - 5  t o  6° C
C r y o t o l e s t e s  
f e r r u g i n e u s 15 -  16° C -1 0  t o  5° 0 - 1 0  t o  6° C
♦ t e m p e r a tu r e  d ro p p ed  one day 
. t o  - 6  0 .
4 somewhat low er  i n  t h e  r e s u l t s  
o f  Mambridge 1955-58  q u o te d  
by Solomon and Adamson.
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B ish o p  (1 9 5 8 )  s t u d i e d  t h e  l e n g t h  o f  t h e  d e v e lo p m e n ta l  
s t a g e s  f o r  t h e  two s p e c i e s  a t  90^ P and  40  t o  95% R.H.
A g ra p h  i s  draw n u s i n g  h i s  r e a d i n g s  ( F i g .  8 ) ,  w h ich  shows 
t h a t  t h e  p e r i o d  o f  i n c u b a t i o n  o f  Q. f e r r u g i n o u s  i s  o n ly  
l i t t l e  a f f e c t e d  by  change  o f  h u m id i ty .  I n  G. t u r c i c u s  
low  h u m id i ty  p r o l o n g s  t h e  p e r i o d  o f  i n c u b a t i o n  c o n s i d e r a b l y .
The p e r i o d  o f  i n c u b a t i o n  i s  d e p e n d e n t  on two m ain  
f a c t o r s ,  t h e  em b ry o n ic  d ev e lo p m e n t an d  t h e  a c t u a l  p r o c e s s  
o f  h a t c h i n g .  At lo w  h u m id i ty  one o f  t h e  two o r  b o th  
m ig h t  n o t  t a k e  p l a c e .  I t  was fo u n d  t h a t  a t  60% R .H .
C. t u r c i c u s  f a i l s  t o  e n t e r  w hole g r a i n  w i th  p r o b a b l e  s m a l l  
c r a c k s ,  w h i le  i t  d o es  e n t e r  a t  80% R .H . A t t h e  lo w  
h u m id i ty ,  t h e  p e r i c a r p  was p r o b a b ly  h a r d e r  t h a n  a t  80%
R .H . , m ak ing  p e n e t r a t i o n  d i f f i c u l t .  A s i m i l a r  f a c t o r  
may e x p l a i n  t h e  i n a b i l i t y  to h a tc h  a t  low  h u m id i ty ,  where 
th e  c h o r i o n  o f  t h e  egg i s  p r o b a b ly  h a r d e r ,  f o r  i n  some 
o f  them  s e g m e n ta t io n  i s  v i s i b l e  f a i n t l y  th r o u g h  t h e  c h o r io n .  
S in c e  t h e  l a r v e  em erges  h e a d f i r s t  and  t h e  m a n d ib le  t i p s  
a r e  t a n n e d  a t  h a t c h in g ,  i t  i s  assum ed  t h a t  t h e  m a n d ib le s  
a r e  u s e d  t o  a i d  e c l o s i o n  i n  a d d i t i o n  t o  t h e  c e p h a lo c a n d a l  
movem ents e x h i b i t e d  by  t h e  l a r v a e .  At v e r y  low  h u m i d i t i e s  
p r o b a b l y  d e v e lo p m e n t an d  hence  h a t c h in g ,  d o e s  n o t  o c c u r .
C. f e r r u g i n o u s  i s  p r o b a b ly  b e t t e r  a b l e  t o  t e a r  o r  
b i t e  i t s  way th r o u g h  t h e  c h o r io n  a t  h u m i d i t i e s  o f  a b o u t  
40%, s i n c e  a  few  ca n  e n t e r  t h e  w ho le  g r a i n ,  w i t h  p r o b a b le  
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P E R C E N T A G E  -  r e l a t i v e  H U M I D I T Y
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F ig .  8 . The e f f e c t  o f  r e l a t i v e  hum idity  on th e  p e r io d  of 
in c u b a t io n  o f C. t u r c i c u s  and 0. f e r ru g in e u s  a t  
9®^F. (V alues o b ta in ed  from Bishop 1958)*
A. -  C. f e r ru g in o u s
B. -  C. t u r c i c u s .
SECTION VI
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S u i t a b i l i t y  o f  Whole Sound G r a in  a s  F o o d .
M e th o d .
F i r s t  i n s t a r s  an d  a d u l t s  o f  e a c h  s p e c i e s  w ere  u s e d ,  
an d  t h r e e  e x p e r i m e n t s  w ere  c a r r i e d  o u t .  From a  sa m p le  o f  
w h o le  g r a i n ,  t h o s e  sho w in g  an y  i n s e c t  damage w ere  r e j e c t e d  
a n d  t h e  r e m a in d e r  c h e c k e d  u n d e r  a  m ic r o s c o p e ,  a n d  g r a i n s  
w i th  an y  c r a c k s  w ere  d i s c a r d e d .  S p e c i a l  c a r e  w as t a k e n  
t o w a r d s  t h e  germ  en d , w here  damage i s  e a s i l y  c a u s e d ,  and  
l a r v a e  o f  b o t h  s p e c i e s  a l s o  p r e f e r  t h e  germ end  t o  t h e  
r e s t .  E x p e r im e n ts  w h ic h  w ere  c o n d u c te d  s e p a r a t e l y  f o r  
e a ch  s p e c i e s  w ere  c a r r i e d  o u t  a t  28°  C an d  75% R .H . The 
f o o d  was l e f t  i n  t u b e s  a t  t h e  e x p e r i m e n t a l  c o n d i t i o n  f o r  
one w eek , b e f o r e  i n t r o d u c i n g  t h e  a n i m a l s .
E x p e r im e n t  I . I n t o  e a c h  o f  t e n ,  2 x  in c h  t u b e s ,  e a ch  
w i t h  f i v e  v/bole so u n d  g r a i n s ,  a n  egg was i n t r o d u c e d .  
E x a m in a t io n  was made on t h e  t e n t h  d a y .
E x p e r im e n t  I I . A bout 3 0 -4 0  w hole  sou n d  g r a i n s  w ere  p l a c e d  
i n  a  5 X 1 i n c h  t u b e  an d  t e n  a d u l t s  i n t r o d u c e d .
E x p e r im e n t  I I I . A sam ple  o f  g r a i n ,  o n ly  h a n d p ic k e d ,  was 
p l a c e d  i n  a  5 X 1 i n c h  t u b e  and  t e n  a d u l t s  i n t r o d u c e d .  
E x a m in a t io n  o f  e x p e r i m e n t s  I I  and  I I I  was made on t h e  
t w e n t y - e i g h t h  d a y .
R e s u l t s .
E x p e r im e n t  I .
I n  b o t h  s p e c i e s  a l l  eg g s  h a t c h e d ,  b u t  100% m o r t a l i t y  
o c c u r e d  i n  t h e  f i r s t  i n s t a r s ,  an d  no g r a i n  was dam aged .
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E x p e r im e n t  I I .
I n  C. t u r c i c u s  two a d u l t s  w ere  a l i v e ,  b u t  n one  o f  t h e  
g r a i n s  showed any  dam age, w h i le  f o u r  a d u l t s  s u r v i v e d  i n  
C. f e r r u g i n e u s  and  o n ly  one g r a i n  was dam aged.
E x p e r im e n t  I I I .
G ra in  i n  t h i s  e x p e r im e n t  was damaged by  b o th  s p e c i e s .  
O nly  one 0 .  f e r r u g i n e u s  a d u l t  was fo u n d  d e a d ,  a  num ber o f  
g r a i n s  w ere  dam aged by  t h i s  s p e c i e s ,  t h e  germ  end  
r e v e a l i n g  l a r g e  h o l e s .  B u t f o u r  C. t u r c i c u s  a d u l t s  w ere 
fo u n d  d e a d ,  and f i v e  g r a i n s  w ere  dam aged b u t  t h e  h o l e s  
a t  t h e  germ end  d i d  n o t  a p p e a r  d e e p .
C o n c l u s i o n .
I t  i s  a p p a r e n t  t h a t  a d u l t s  o f  C. f e r r u g i n o u s  a r e  
a b l e  t o  a t t a c k  g r a i n  w i th  s l i g h t  b r e a k s  i n  t h e  p e r i c a r p  
a t  28°  C and  75% R .H . , b u t  r e l a t i v e l y  few  0 . t u r c i c u s  
a r e  a b l e  t o  e n t e r  su c h  g r a i n  u n d e r  t h e  same c o n d i t i o n s .  
O nly  v e r y  few  l a r v a e  w ere  s e e n  among t h e  a d u l t s ,  b u t  
c o n s i d e r a b l e  am o u n ts  o f  f a e c e s  w ere p r e s e n t .
N e i t h e r  t h e  f i r s t  i n s t a r s  n o r  t h e  a d u l t s  o f  t h e s e  
s p e c i e s  a r e  a b l e  t o  a t t a c k  w ho le  so u n d  undam aged g r a i n ,  





Food P r e f e r e n c e .
A few  b r i e f  e x p e r i m e n t s  w ere  c a r r i e d  o u t  t o  d e t e r m in e  
t h e  fo o d  p r e f e r e n c e  o f  t h e  two s p e c i e s  w i th  r e g a r d  t o  t h e  
p a r t i c l e  s i z e  o f  f o o d .
M e th o d .
Round g l a s s  d i s h e s  o f  d e p t h  1}^  i n c h e s  and  d i a m e t e r  
2 i n c h e s ,  w ere  each  a b o u t  h a l f  f i l l e d  w i t h  two d i f f e r e n t  
p a r t i c l e  s i z e  o f  f o o d ,  b y  m eans o f  a  r e m o v a b le  p a r t i t i o n  
p l a c e d  a c r o s s  t h e  c e n t r e  o f  t h e  d i s h .  T h ese  w ere  l e f t  
i n  d e s i c c a t o r s  p r o v i d i n g  a  r e l a t i v e  h u m id i ty  o f  75% 
b y  u s i n g  s a t u r a t e d  s o l u t i o n  o f  sod ium  c h l o r i d e  i n  a n  
i n c u b a t o r  a t  2 7 .5 °  0 + 0 . 5 °  C. A f t e r  s i x  d a y s  t h i r t y  
b e e t l e s  w ere  r e l e a s e d  i n  t h e  c e n t r e  o f  e a c h  d i s h .  A bout 
f o r t y - s i x  h o u r s  l a t e r  t h e  d i s h e s  w ere  rem oved  a n d  th e  
fo o d  s e p a r a t e d  by  p l a c i n g  a n  p i e c e  o f  b r i s t o l - b o a r d  
b e tw e e n  t h e  two f o o d s ,  t a k i n g  c a r e  n o t  t o  i n c l u d e  one 
fo o d  w i th  t h e  o t h e r .  The ’’L*’ p i e c e  was p l a c e d  i n v e r t e d  
so  t h a t  one h a l f  o f  t h e  fo o d  r e m a in s  c o v e r e d ,  w h i le  t h e  
o t h e r  was e m p t ie d  i n t o  a n o t h e r  d i s h .  The f o o d s  w e re  
q u i c k l y  s e p a r a t e d  i n  t h i s  m anner and  t h e  c o u n t s  o f  t h e  
i n s e c t s  w ere  m ade.
Two m a in  t y p e s  o f  f o o d  w ere  u s e d  w i th  r e g a r d  t o  
p a r t i c l e  s i z e .  ( 1 )  Whole w h ea t g r a i n  ( n o t  h a n d - p ic k e d )  
and  d i v i d e d  fo rm  o f  g r a i n .  The l a t t e r  e i t h e r  a s  f l o u r  
o r  c r u s h e d  g r a i n .  ( 2 )  B o th  o f  t h e  d i v i d e d  fo rm  o f  
w h e a t ,  t h a t  i s  f l o u r  an d  c r u s h e d  g r a i n ,  o r  Bemax a n d  
Bemax g ro u n d ,  w ere  u s e d .  Each e x p e r im e n t  was done 
t h r e e  t i m e s .
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R e s u l t s  ,
The r e s u l t s  o b t a i n e d  w ere  r a t h e r  i n c o n s i s b e . n t . The 
t o t a l  num ber o f  i n s e c t s  o f  t h e  t l i r e e  e x p e r im e n t s  on t h e  
d i f f e r e n t  p a r t i c l e  s i z e s  u s e d ,  and  t h e  p e r c e n t a g e  o f  t h e  
t o t a l  o f  e a c h  o f  t h e  two m ain  t ; ) ^ e s  o f  f o o d ,  a r e  g iv e n  
i n  t a b l e  X. Prom w h ic h  i t  i s  s e e n  t h a t  w here  d i v i d e d  
g r a i n  was u s e d  o f  C. t u r c i c u s  b u t  85% o f  C . f e r r u g i n e u s  
w ere  on t h e  c o a r s e r  f o o d .  But when w h o le  g r a i n  a n d  f l o u r  
v/ere u s e d  68% o f  G. t u r c i c u s  b u t  46% o f  G. f  e r r u .  ; in e u s  
w ere  fo u n d  on t h e  c o a r s e r  f o o d .
Of t h e  two t y p e s  o f  food, w i th  r e g a r d  t o  p a r t i c l e  
s i z e ,  t h e  two fo rm s  o f  t h e  d i v i d e d  g r a i n ,  w ou ld  s e r v e  a  
b e t t e r  m ean s , t h a n  w h o le  g r a i n  and  d i v i d e d  g r a i n  i n  t h e  
fo rm  o f  f l o u r .  And t h e r e f o r e  t h e  p r e s e n c e  o f  8p% o f  
Q. f e r r u g i n o u s  on t h e  c o a r s e r  p a r t i c l e  i s  c l e a r  enough 
t o  show i t s  p r e f e r e n c e  f o r  t h i s  ty p e ,  o f  f o o d .  A l th o u g h ,  
i t  d o e s  n o t  show such a  p r e f e r e n c e  i n  t h e  o t h e r  s e r i e s  
u s e d ,  a p p r o x i m a t e l y  e q u a l  num bers  w e r e . f o u n d  d i s t r i b u t e d  
i n  t h e  c o a r s e :  and  f i n e  f o o d .
C. t u r c i c u s  d i d  n o t  shov/ s u c h  a  m ark ed  p r e f e r e n c e  f o r  
e i t h e r  f o o d .  F o r  t h i s  s p e c i e s ,  t h e  m ost c o n t r a d i c t o r y  
r e s u l t s  v /ere o b t a i n e d  on Bemax on t h e  one h an d , an d  w hole  
g r a i n  and  f l o u r  on t h e  o t h e r .  I n  t h e  f o r m e r ,  o n ly  41% 
w ere  on  t h e  c o a r s e r  f o o d ,  w h i l e  i n  t h e  l a t t e r  yo% w ere 
f o u n d .
I t  may be t h a t  Q. t u r c i c u s  i s  n o t  n e c e s s a r i l y  a f f e c t e d  
by  p a r t i c l e  s i z e  o f  f o o d ,  b u t  s i n c e  t h i s  was c a r r i e d  o u t  
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co n c lu s io n  caiinot be drawn fo r  t h i s  sp e c ie s -  Because i t  
i s  p o s s ib le  th a t  s in c e  t h i s  r e la t iv e  hum idity, i s  o u ts id e  
i t s  p re ferre d  range, and. i t  norm ally appears to  show 
p referen ce  fo r  in crea sed  R.H. w ith  d ecrease in  tem perature, 
th e c o n d itio n  o f  th e  food  w ith  r e sp e c t  to  th e se  p h y s ic a l  
fa c to r s  may have been th e cause fo r  such d iv erse  r e s u l t s .  
S ince G* tu r c ic u s  i s  g e n e r a lly  more s e n s i t iv e  to  
hum idity than 0 . fe r r u g in e u s , , i t  i s  a lso  p o s s ib le  th a t  
when th e d if fe r e n c e  between th e p a r t ic le  s i z e s  o f  food , 
p resen t to g e th er  i s  g r e a t ,> G. tu r c ic u s  may not have a 
p referen ce  fo r  e ith e r  p a r t i c l e ,  but when th e  d if fe r e n c e  
i s  sm a ll, as found between Bemax and Bemax ground, i t  
shows p referen ce  fo r  the f in e  p a r t i c l e s .
: I
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C opulation  Frequency and P r e -o v ip o s it io n  P e r io d .
When a p p r o x i m a t e l y  t h e  same num ber o f  f e m a le s  t o g e t h e r  
w i th  some maJ.es, w ere  p l a c e d  on fL o u r  t o  c o l l e c t  eg g s  f o r  
t h e  p r e v i o u s  e x p e r i m e n t s ,  i t  was n o t i c e d  t h a t  so m e tim es  
many, w h i l e  on o t h e r  o c c a s i o n s  c o m p a r a t i v e l y  few  e g g s  
w ere  o b t a i n e d  f ro m  C. t u r c i c u s .  An a t t e m p t  was t h e r e f o r e  
made t o  d e t e r m in e  t h e  p o s s i b l e  c a u s e .
P r e -o v ip o s it io n  P e r io d .
Method.
E x p e r im e n t  I . F iv e  p a i r s  o f  0 .  t u r c i c u s  w ere  t a k e n  
a t  random  fro m  a  c u l t u r e  and  each  l e f t  i n  a  2 x  i n c h  
t u b e ,  w i th  j u s t  enough w hole  w hea t f l o u r  t o  c o v e r  t h e  
b a s e  o f  t h e  t u b e .  The f l o u r  was s i e v e d  d a i l y  f o r  s i x  
d a y s ,  a n d  t h e  b e e t l e s  p r o v i d e d  w i th  f r e s h  fo o d  e a c h  d a y .
E x p e r im e n t  I I . S i m i l a r l y  f i v e  p a i r s  o f  a d u l t s ,  one 
t o  f o u r  d a y s  o l d  w ere  o b t a i n e d  fro m  f o u r t h  i n s t a r  l a r v a e  
p l a c e d  s i n g l y  i n  t u b e s  w i th  f o o d ,  t o  make s u r e  t h a t  t h e y  
w ere  p r e v i o u s l y  u n m a te d .  A d a i l y  r e c o r d  o f  t h e  e g g s  l a i d  
was k e p t  d u r i n g  t h e  f i r s t  w eek. The e x p e r im e n t  was 
c a r r i e d  o u t  a t  25 ° 0 an d  75% R .H .
E x p e r im e n t  I I I . The se c o n d  e x p e r im e n t  was r e p e a t e d  
a t  2 7 . 5 °  0 a n d  75% R .H .
■ Experiment IV and V. These v/ere s im ila r , r e s p e c t iv e ly  
to  experim ent I  and I I ,  but ca rr ied  out fo r  C. ferru g in o u s. 
T herefore in  th e  above experim ents a d u lts  o f tv;o age groups
71
were u sed . One was r e c e n t l y  emerged a d u l t s ,  t h a t  i s  one 
to  fo u r  days o ld .  The o th e r  was of o ld e r  in d iv id u a l s .  I t  
was f a i r l y  c e r t a i n  t h a t  th e s e  l a t t e r  were n o t  l e s s  th a n  one 
week o ld  because o f  t h e i r  d a rk  c o lo u ra t io n ,  and n o t much 
o ld e r  th a n  s i x  weeks, s in c e  th e y  were norm ally  su b c u l tu re d  
a t  about t h i s  age.
R e s u l t s .
The r e s u l t s  of th e  experim en ts  a re  summarised, and th e  
average number of eggs l a i d  by a fem ale p e r  day i s  g iven  
in  t a b l e  XI.
In  experim ent I ,  d u ring  th e  s ix  days C. t io rc icu s  l a i d  
alm ost an egg each day. But th o se  i n  experim ent I I  d id  no t 
l a y  any d u ring  th e  same p e r io d ,  excep t f o r  a fem ale which 
l a i d  an egg on th e  t h i r d  day; and an o th e r  fem ale , on th e  
fo u r th  day, bo th  eggs d id  no t h a tch . T h ere fo re  th e  experim ent 
was c o n tin u ed . On th e  e ig h th  day two fem ales l a i d  an egg 
each and o th e r s  s t a r t e d  la y in g  on th e  n in th  day, and a l l  
l a i d  eggs on th e  t e n th  day a f t e r  which th e  experim ent was 
d is c o n t in u e d .
In  experim ent I I I  ag a in ,  th r e e  of th e  f i v e  G. t u r c i eus
fem ales  l a i d  t h e i r  f i r s t  egg on th e  e ig th  day. One l a i d  a
d i s t o r t e d  egg on th e  f i f t h  day which d id  n o t h a tch , bu t l a i d  
v ia b le  eggs on th e  s ix th  day. On th e  second day a f t e r  p a i r i n g ,  
s in ce  no eggs were l a i d ,  one of th e  fem ales  was s e p a ra te d
from i t s  m ate, and t h i s  l a i d  v i a b l e  eggs on th e  f i f t h  day
and two on th e  six±h day a f t e r  p a i r i n g ,  a l l  t h r e e  eggs 
ha tched . And by th e  e ig h th  day when most o th e r s  f i r s t  
s t a r t e d  la y in g  eggs th e  lone  fem ale had l a i d  a l to g e th e r  
n in e  eggs. A f te r  which th e  f l o u r  was s ie v e d  only  on th e  
t h i r t e e n t h  and e ig h te e n th  day, f o r  th e  lone fem ale and one 
fem ale w ith  i t s  m ate . The l a t t e r  had l a i d  e ig h t  
eggs a t  th e  end o f  th e  t h i r t e e n t h
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d ay  and  s e v e n  e g g s  b y  t h e  e i g h t e e n t h  d a y .  B u t t h e  l o n e  
f e m a le  l a i d  n i n e  e g g s  b y  t h e  t h i r t e e n t h  and  o n l y  t h r e e  
e g g s  b y  t h e  e i g h t e e n t h  d a y .  T h e r e f o r e  c l e a r l y  t h i s  
p r e o v i p o s i t i o n  p e r i o d  f o r  C. t u r c i c u s  i s  f i v e  d a y s ,  a t  
t h e  tw o t e m p e r a t u r e s  i n  q u e s t i o n .
G. f e r r u g i n o u s  l a i d  an  e g g  e v e r y  tw o d a y s  i n  
e x p e r i m e n t  IV , w h ich  i s  som ew hat l e s s  t h a n  t h a t  o f  
t h e  s i m i l a r  e x p e r im e n t  f o r  G. t u r c i c u s . On t h e  o t h e r  
band  t h e  y o u n g  f e m a l e s  o f  G. f e r r u g i n o u s  l a i d  a  
c o m p a ra b le  num ber o f  e g g s  d u r i n g  t h e  same p e r i o d .  The 
f i r s t  eg g  w as l a i d  b y  a  f e m a le  on  t h e  s e c o n d  d a y  o f  
p a i r i n g ,  a l l  o t h e r s  s t a r t e d  l a y i n g  on  t h e  t h i r d  d a y .
U s in g  t h e  same p a i r s  o f  y o u n g  a d u l t s  i n  t h e  c o p u l a t i o n  
f r e q u e n c y  e x p e r i m e n t s  ( s e e  l a t e r ) ,  t h e  p r e o v i p o s i t i o n  
p e r i o d  f o r  e a c h  s p e c i e s  w as , a s  d e t e r m i n e d  i n  t h e  
a b o v e  e x p e r i m e n t s .
Some e g g s  m ig h t  h av e  b e e n  e a t e n  by  t h e  a d u l t s  b u t  
b y  p r o v i d i n g  s u f f i c i e n t  fo o d  f o r  t h e  b e e t l e s ,  i t  w as 
h o p ed  t o  m in im is e  t h i s .  The som ew hat low  f i g u r e  f o r  t h e  
e g g s  l a i d  b y  C. t u r c i c u s  a t  25^ C i n s p i t e  o f  t h e  f a c t  
t h a t  t h i s  i s  c l o s e r  t o  t h e  m ore f a v o u r a b l e  t e m p e r a t u r e  
f o r  o v i p o s i t i o n  f o r  t h i s  s p e c i e s  t h a n  G. f e r r u g i n e u s  
(B is h o p  1 9 ^ 8 ) ,  may b e  d u e  t o  t h e  f a c t  t h a t  t h e  c u l t u r e s  
w e re  k e p t  a t  28^ G and  75% H .H . ,  w h i l e  h i s  w ere  k e p t  a t  
8 0 °  F a n d  80% R .H .
A l th o u g h  i t  was j u s t  one i n s t a n c e  i t  i s  w o r th w h i le  
n o t i n g  t h a t  a  f e m a le  G. t u r c i c u s  i n  e x p e r im e n t  I I I  r e a d i l y  
s t a r t e d  l a y i n g  e g g s  w hen t im e  was a l l o w e d  f o r  p a i r i n g ,  
a n d  t h e n  s e p a r a t e d  f ro m  t h e  m a le .  B u t i t  d o e s  seem t o  
l a y  l e s s  num ber o f  e g g s  a f t e r  a  s h o r t  p e r i o d ,  w h ic h  may
be  due t o  t h e  a b s e n c e  o f  t h e  m a le .
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D u r in g  t h e  a b o v e  e x p e r i m e n t s  i t  w as a l s o  n o t i c e d  
t h a t  G. t u r c i c u s  a d u l t s  s p e n t  m o s t  o i  t h e i r  t im e  j o s t l i n g  
a b o u t .  The p a i r  o f t e n  r e m a in e d  i n  one p l a c e ,  a n d  made 
many u n s u c c e s s f u l  a t t e m p t s  t o  c o p u l a t e .  O nly  fe w  w ere  
a c t u a l l y  s e e n  i n  c o p u l a t i o n .  Many c o p u l a t i n g  p a i r s  w ere  
how ever s e e n  i n  G. f e r r u g i n e u s  i n  t h e s e  e x p e r i m e n t s  a n d  
i n  c u l t u r e s .  T h e r e f o r e  i t  was d e c i d e d  t o  d e t e r m i n e  t h e  
c o p u l a t i o n  f r e q u e n c y  o f  t h e s e  i n s e c t s .
T a b le  XI
The A v e ra g e  num ber o f  E ^ g s  l a i d  p e r  F em a le  p e r
Day i n  C . t u r c i c u s  a n d  Q. f e r r u g i n o u s .
E x p e r im e n t  S p e c i e s A v e rag e  num ber o f  
d g g s  l a i d  p e r  f e m a le
Dumber o f  
f e m a l e s .
I G . t u r c i c u s o.vt? 5
I I G . t u r c i c u s u .2 ( j 5
I I I 0 . t u r c i c u s 0 .5 5 4
IV 0 .± 'e r ru g in .e u s 0 . 5 0 5
V C . f e r r u g i n e u s 0 .9 1 5
G o p u l a t i o n  F re q u e n c y
M eth o d .
A d e s i c c a t o r  c o n t a i n i n g  a  s a t u r a t e d  s o l u t i o n  o f  
sod ium  c h l o r i d e  was l e f t  f o r  tw o d a y s  i n  a  c o n s t a n t  
t e m p e r a t u r e  room  m a i n t a i n e d  a t  2 5 ^ 0 .  A t t h i s  t e m p e r a t u r e  
t h e  s a t u r a t e d  s o l u t i o n  o f  s o d iu i i  c h l o r i d e  g i v e s  a  r e l a t i v e
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Q u ia ia i ty  o f  75%» T w e n ty - f o u r  h o u r s  b e f o r e  t h e  e x p e r i m e n t  
was commenced) ( 1 ;  n e w ly  em erg ed  a n d  u n m a te d  a d u l t s  r e a r e d  
s i n g l y  f ro m  f o u r t h  i n s t a r s ,  a n d  ( 2 )  a d u l t s  t a k e n  a t  
random  f ro m  c u l t u r e s ,  w ere  p l a c e d  s i n g l y  i n  t u b e s  w i t h  a  
s m a l l  am ount o f  w h o le  w h e a t  f l o u r ,  i n  o r d e r  t o  a v o i d  t h e  
sh o c k  o f  t r a n s f e r r i n g  th e m  f ro m  a  d i f f e r e n t  p h y s i c a l  
e n v i ro n m e n t  f o r  t h e  e x p e r i m e n t ,  w h ic h  m ig h t  a f f e c t  t h e i r  
b e h a v i o u r  a t  f i r s t .  A 4-0 w a t t  lam p a b o u t  4% f e e t  ab o v e  
t h e  d e s i c c a t o r  was u s e d  f o r  i l l u m i n a t i o n .  D u r in g  t h e  
s e c o n d  h a l f  o f  t h e  e x p e r i m e n t  t h e  d e s i c c a t o r  was c o v e r e d  
v / i th  a  b l a c k  c l o t h  a n d  r e a d i n g s  w ere  t a k e n  a t  i n t e r v a l s ,  
l i f t i n g  t h e  c l o t h  so  t h a t  l i g h t  d i d  n o t  f a l l  d i r e c t l y  on 
t h e  b e e t l e s .
The b e e t l e s  w ere  p a i r e d  a s  f o l l o w s .  The f e m a l e s  
w ere  rem o v e d  s i n g l y  t o  em pty  t u b e s ,  a n d  a  m a le  i n t r o d u c e d  
t o  e a c h .  F iv e  s u c h  p a i r s  v/ere o b t a i n e d  o f  t h e  nev /ly  
emerged, a d u l t s  an d  f o u r  p a i r s  o f  t h e  o l d e r  a d u l t s ,  i ^ e .  
t h o s e  t a k e n  a t  random  f ro m  t h e  c u l t u r e s ,  w ere  o b t a i n e d .
The e x p e r i m e n t s  w i t h  t h e  o l d e r  a d u l t s  w ere  c a r r i e d  o u t  
o n ly  i n  t h e  d a r k .  The num ber s e e n  i n  c o p u l a t i o n  was n o t e d  
e v e r y  f i v e  m i n u t e s  d u r i n g  t h e  f i r s t  h a l f ,  when t h e  
e x p e r i m e n t  was c a r r i e d  o u t  i n  t h e  l i g h t ,  an d  e v e r y  t e n  
m i n u t e s  d u r i n g  t h e  s e c o n d  h a l f .  The d u r a t i o n  o f  t h e  
e x p e r im e n t  was s i x  h o u r s .
O b s e r v a t i o n s .
Among t h e  n e w ly  em erg ed  a d u l t s ,  t h e  tw o w ere  a t t r a c t e d  
t o  e a c h  o t h e r  a l m o s t  im m e d . ia te ly , a n d  a f t e r  p r e l i m i n a r y  
c o u r t s h i p  G. f e r r u g i n o u s  was s e e n  i n  c o p u l a t i o n .  C o u r t s h i p
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i n  t h i s  s p e c i e s  was a s  d e s c r i b e d  b y  R i l l e t t  ( 1 9 4 9 ) .  B u t
C. t u r c i c u s  t o o k  some t im e  b e f o r e  c o p u l a t i n g ,  a l t h o u g h  
c o u r t s h i p  i n  C. t u r c i c u s  r e s e m b l e s  t h a t  o f  G. f e r r u g i n e u s  
i n  m any r e s p e c t s ,  i t  d i f f e r s  i n  t h e  f o l l o w i n g  w a y s .  The 
m a le  a p p e a r s  r a t h e r  s l u g g i s h  a n d  o f t e n  p r e s s e s  i t s  m outh  
p a r t s  a g a i n s t  t h e  b a s e  o f  t h e  t u b e  a n d  i t  m oves f o r w a r d  
v e r y  s l o w l y  o r  r e m a in s  i n  t h i s  p o s i t i o n  f o r  some t i m e .
The m a le  G. f e r r u g i n e u s  on t h e  o t h e r  hand  o n  e n c o u n t e r i n g  
a  f e m a le  i s  m o s t  a c t i v e .  He n u d g e s  h e r  f ro m  b e h i n d  by  
q u i c k  s i d e  m ovem ents  o f  h i s  h e a d  w h i l e  h i s  a n t e n n a e  
s t r o k e  h e r  b o d y  v e r y  q u i c k l y .  The m a le  o f  G* t u r c i c u s  a l s o  
d o e s  t h i s ,  b u t  v e r y  s l u g g i s h l y .  The m a le  G. f e r r u g i n e u s  
t u r n s  r o u n d  s e v e r a l  t i m e s  d u r i n g  t h i s  p r o c e s s  a n d  a t t e m p t s  
t o  c o p u l a t e ,  b u t  t h e  m a le  G. t u r c i c u s  was se ld o m  s e e n  t o  
t u r n  r o u n d .  The f e m a le  i n  b o th  s p e c i e s ,  g e n e r a l l y  r e m a in s  
s t i l l ,  e x c e p t  f o r  t h e  movem ent o f  h e r  a n t e n n a e ,  b u t  
o c c a s i o n a l l y  e s c a p e s  f ro m  t h e  m a le .
The m a le  C. t u r c i c u s  seem s t o  a d o p t  a  p e c u l i a r  m ethod  
t o  g e t  a t  t h e  f e m a le  when i n  f l o u r .  On many o c c a s i o n s  t h e  
m a le  w as s e e n  t o  f o l l o w  a  f e m a le  and  t h e n  b u r ro w  a  s h o r t  
d i s t a n c e  i n t o  t h e  f l o u r  u s i n g  i t s  h e a d ,  p r o b a b l y  j u s t  f a r  
enough  t o  make a  s p a c e  t o  t u r n  r o u n d  i n .  I t s  h e a d  t h e n  
a p p e a r s  a t  th e  o p e n i n g .  I t  h a s  b e e n  s e e n  t o  r e m a i n  t h e r e  
f o r  a s  l o n g  a s  t e n  m i n u t e s .  When a n o t h e r  b e e t l e  p a s s e s  
n e a r ,  i t  s l i p s  i n t o  t h e  b u r ro w ,  i f  i t  i s  a  m a le  t h e  
o c c u p a n t  d o e s  n o t  seem  t o  a t t a c k  i t ,  b u t  m e r e ly  p u s h e s  
i t  o u t  q u i c k l y .  B u t  i f  a  f e m a le  t o p p l e s  o v e r ,  i t  q u i c k l y  
g r a b s  a n y  a v a i l a b l e  p a r t  o f  h e r ,  w i th  i t s  m a n d ib l e s  o r  l e g s .  
S o m etim es  t h e  f e m a le  s t r u g g l e s  t o  g e t  aw ay, a n d  may s u c c e e d ,  
b u t  i n v a r i a b l y  on h e r  n e x t  r o u n d  sh e  f a l l s  i n t o  t h e  
p i t  a g a i n .  I f  t h e  f e m a le  s u r r e n d e r s  t h e y  o f t e n  r e m a in
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Table X lla
The Number and D ura tion  of C opu la tion  of Young A dults and 
th e  Nmaber of Sggs l a i d  by each Female during  th e  f i r s t  
E ig h t Days a f t e r  P a ir in g  fo r  C. fe r ru g in e u s .______________
P a ir  Number C opu lation
1
D ura tion  of*C opulation  
in  m inu tes.
















IV 1 110 1
V 1 115
2 60
3 i L 10
4 1 50
I ____ ____ ______ ______ -
6
* vrhere "L” i s  in d ic a te d , th e  nunber 
fo llo w in g  depends on th e  tim e in te r v a l  
a t  which th e  read in g s  were tak en , see 
t e x t .
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Table XIIB
The Number and D ura tion  of C opu lation  of th e  Young A dults 
and th e  Number of Eggs L aid  by each Female During th e  F i r s t  




................- .....-  --------------- Î
D ura tion  of C opu lation  
* in  M inutes
Number of Eggs 
l a i d .





6 LIO ; 2
I I 1 L 5 i 1
2 10 i





IV 1 1 L 5
2 L 5
! 3 L 5








* where ”L" i s  in d ic a te d  th e  
number fo llo w in g  t h i s  depends 
on th e  tim e in te r v a l  a t  which 
th e  read in g s  were ta lien : see t e x t .
n'-'v ■ ' f
Table XIIC
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The Number and D ura tion  of C opu lation  f o r  tlie  
In d iv id u a l P a ir s  of th e  O lder A d u lts ; fo r  
C. tu r c ic u s  and C. fe rin ig ineus
C. fe r ru g in e u s C. tu rc ic u s
P a ir
Number
C opu lation ^D uration  
of C opu lation  
in  M inutes,
P a ir
Number
C opu la tion
5
D ura tion  of ; 
C opulation  : 
in  M inu tes.-
I
I 1 30 I 1
1
L 10
I I 1 30 I I
2 L 10
I I I 1 L 10 I I I 1 30
2 L 10 2 L 10 !
3 10 111
IV - IV -
* see fo o tn o te  of 
ta b le  XIIA.
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i n  t h e  b u r ro w . I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  w io h in  t h i s  
s m a l l  b u r ro w  G. t u r c i c u s  i s  b e t t e r  a b l e  t o  c o p u l a t e ,  
com pared  t o  ohe open  f r e e  sp a c e  o u t s i d e ,  f o r  t h e y  o f t e n  
s e p a r a t e  q u ic k ly  when ev e n  s l i g h t l y  d i s t u r b e d .  F o r  
b u r ro w in g  t o  t a k e  p l a c e  some medium o f  f i n e r  p a r u i c l e s  
w ould be e s s e n t i a l .  I t  showed no m arked  p r e f e r e n c e  t o  
t h e  d a r k  e n v i ro n m e n t  p r o v i d e d  f o r  t h e  e x p e r im e n ta l  p a i r s ,  
a l th o u g h  o f  t h e  t o t a l  number o f  e i g h t e e n  c o p u l a t i o n  o f  t h e  
f i v e  young p a i r s ,  t e n  v/ere i n  ohe d a r k .  O v ip o s i t  io n  o f  
t h e  young a d u l t s  was d e te r m in e d  d u r in g  t h e  f i r s t  e i g h t  
d ay s  a i ' t e r  p a i r i n g .
R e s u l t s .
The number o f  eg g s  l a i d  i s  g iv e n  i n  t a b l e  X II  f o r  
each  s p e c i e s  t o g e t h r  w i th  t h e  r e s u l t s  on c o p u l a t i o n  
f r e q u e n c y .
From t h e  r e s u l t s  o b t a i n e d  from  i n d i v i d u a l  p a i r s ,  
t h e  f r e q u e n c y  o f  c o p u l a t i o n  p e r  day  was c a l c u l a t e d  
(T a b le  X I I I ) .  A " t " - t e s t  was a p p l i e d  and t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  t h e  c o p u l a t i o n  f r e q u e n c y  
o f  t h e  y o u n g e r  a d u l t s  and  t h e  o t h e r  a d u l t s  o f  G. f e r r u g i n e u s , 
b u t  t h e r e  was b e tw e en  t h a t  o f  t h e  y o u n g e r  a d u l t s  and  t h e  
o l d e r  o n es  o f  G. t u r c i c u s .
T a b le  X I I I . G o p u la t io n  F re q u e n c y  p e r  Fem ale p e r  Day o f
G. f e r r u g i n o u s  and  G. t u r c i c u s .
A d u l t s  l e s s  t h a n  one A d u l t s  more t h a n  one
week o l d .  week o l d .
G . f e r r u g i n o u s  G . t u r c i c u s  G. f e r r u g i n e u s  G. t u r c i c u s
G o p u la t io n
- f r e q u e n c y /
f e m a le /d a y .  1 4 .4  I 5 .2  12 6 .0 0
Number o f
p a i r s .  5 5 4  4
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D is c u s s i o n  on P r e o v i p o s i t i o n  and C o p u la t i o n  F re q u e n c y .
Two f a c t s  a r e  c l e a r  from  t h e  p r e c e e d in g  e x p e r im e n t s .
■ * ' oT h a t a t  25 0 and  75% R*H. t h e  p r e o v i p o s i t i o n  p e r i o d  f o r
C. f e r r u g i n e u s  i s  o f  s h o r t e r  d u r a t i o n  t h a n  f o r  Ç. t u r c i c u s , 
and  t h a t  t h e  c o p u l a t i o n  f r e q u e n c y  i s  a p p r o x im a te ly  t h e  same 
f o r  b o th  s p e c i e s ,  a l t h o u g h  somewhat d e c r e a s i n g  w i th  a g e .  
W hile t h e  d i f f e r e n c e  b e tw e en  t h a t  o f  t h e  o l d  and  t h e  young 
a d u l t s  i s  n o t  m arked  i n  C. f e r r u g i n e u s , a  s i g n i f i c a n t  
d i f f e r e n c e  e x i s t s  b e tw e e n  t h a t  o f  t h e  y o u n g e r  and  o l d e r  
a d u l t s  o f  0 .  t u r c i c u s .  '
An i n t e r e s t i n g  o b s e r v a t i o n  was made on 0 .  f e r r u g i n o u s , 
n am ely  t h a t  t h e  young p a i r  v/hich c o p u l a t e d  j u s t  once d u r in g  
t h e  s i x  h o u r s ,  l a i d  i t s  f i r s t  egg on t h e  e i g h t h  day  and  
a l s o  t h e  o n ly  one d u r in g  t h e  o b s e rv e d  t i m e .  W hile  t h e  
o t h e r s  s t a r t e d  l a y i n g  eg g s  from  t h e  s e c o n d  o r  t h i r d  day 
a f t e r  p a i r i n g ,  and  l a i d  from  s i x  t o  t h i r t e e n  e g g s  d u r in g  
t h e  same p e r i o d .  I t  a p p e a r s  t h e r e f o r e  t h a t  p r e o v i p o s i t i o n  
seems t o  d ep en d  on t h e  f r e q u e n c y  o f  c o p u l a t i o n ,  o f  t h e  
y o u n g e r  i n d i v i d u a l s ,  and t h e  fo rm e r  i s  c o n s i d e r a b l y  s h o r t  
i f  t h e  c o p u l a t i o n  f r e q u e n c y  i s  a b o u t  f o u r t e e n  p e r  day  p e r  
f e m a le ,  w hich  h as  b e e n  fo u n d  t o  be  t h e  mean f o r  t h e  p a i r s  
u s e d  i n  t h e  e x p e r im e n t .
A lso  t h e  young p a i r s  t h r e e ,  f o u r  and  f i v e  v/hich 
w ere l o n g e r  i n  c o p u l a t i o n  a t  one t im e  l a i d  l e s s e r  number 
o f  e g g s  t h a n  t h e  o t h e r  two w i th  s h o r t e r  c o p u l a t i o n  
p e r i o d .  S in c e  t h e  num ber o f  c a s e s  w ere  s m a l l  a  " t " - t e s t  
v/as a p p l i e d  and  i n  e a ch  c a s e  t h e  d i f f e r e n c e  b e tw e e n  t h e  
two g ro u p s  was fo u n d  s i g n i f i c a n t .  From t h e s e  r e s u l t s  
th e  d u r a t i o n  o f  c o p u l a t i o n  i s  a p p a r e n t l y  i n v e r s e l y  r e l a t e d  
t o  t h e  num ber o f  eg g s  l a i d .  C o n s id e r in g  t h e  f r e q u e n c y
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o f  c o p u l a t i o n  and  t h e  d u r a t i o n  o f  a  c o p u l a t i o n  
(w hen t h e  l a t t e r  i s  f a i r l y  l o n g ) ,  t h e r e  i s  v e r y  
l i t t l e  t i m e  l e f t  f o r  t h e  f e m a le  f o r  t h e  a c t u a l  l a y i n g  
o f  e g g s .  I n  C . t u r c i c u s  on  t h e  o t h e r  h an d , p r o b a b l y  
t h e  e l a b o r a t e  b e h a v i o u r  a t  c o u r t s h i p  t a k e s  up m o s t  
o f  t h e  t i m e .
A c e r t a i n  c o p u l a t i o n  f r e q u e n c y  how ever seem s 
e s s e n t i a l  f o r  n o rm a l  e g g  l a y i n g .  R i l e t t ’ s  f i n d i n g  
t h a t  t e n  C . f e r r u g i n e u s  f e m a l e s  w i t h  m a le s  l a i d  a n  
a v e r a g e  o f  2 .5 4  e g g s / d a y / f e m a l e ,  w h i l e  t h e  t e n  
i s o l a t e d  f e m a l e s  l a i d  1 . 8 0  e g g s  / d a y / f e m a l e  may 
t h e r e f o r e  b e  d ue  t o  t h e  p o s s i b i l i t y  o f  c o p u l a t i o n  
f r e q u e n c y  i n  t h e  f o r m e r  a n d  d e n i e d  i n  t h e  l a t t e r .  
D a v ie s  ( 1 9 4 9 )  fo u n d  t h a t  f e m a l e s  o f  C. m i n u t u s  l a i d  
m ore e g g s  v / i th  t h e  m a le s  p r e s e n t  t h a n  w i t h o u t .  I n  
t h e  p r e s e n c e  o f  t h e  m a le ,  a g a i n  t h e  n o r m a l  c o p u l a t i o n  
f r e q u e n c y  w o u ld  have  b e e n  p o s s i b l e  t o  be m a i n t a i n e d .  
F e c u n d i t y  i n  T r i b o l i u m  co n fu su m  i s  a l s o  a f f e c t e d  b y  
c o p u l a t i o n  f r e q u e n c y  ( P a r k  1 9 5 3 )  w h i l e  i n  R h i z o p e r t h a  
d o m in i c a  i t  i s  n o t .
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S p e r m a t h e c a .
The s t r u c t u r e  r e f e r r e d  t o  a s  t h e  b u l b - s p e r m a t h e c a  
b y  L e f k o v i t c h  ( 1 9 5 9 a )  a n d ,  i n  a  f o o t n o t e  b y  S t e e l e  a n d  
Howe ( I 9 5 2 ) ,  h a s  b e e n  fo u n d  t o  b e  t h e  t r u e  s p e r m a th e c a  
i n  C. t u r c i c u s . Many f e m a l e s  o f  t h e  s p e c i e s  w ere  t e a s e d  
a n d  e x a m in e d .  The s t r u c t u r e  r e f e r r e d  t o  w as a lw a y s  
f u l l  o f  sp e rm s  w h ich  w e re  w h i r l i n g  i n  t h e  c i r c u l a r  
c h a m b e r ,  g i v i n g  t h e  a p p e a r a n c e  o f  t h e  g r o o v e s  o n  a  
g ram aphone  r e c o r d .  V i r g i n  f e m a l e s  w e re  e x a m in e d ,  a n d  
no  sp e rm s  w ere  f o u n d  i n  t h e  s p e r m a t h e c a .  A b u l b o u s  
s t r u c t u r e ,  p r o b a b l y  g l a n d u l a r , b e n d s  a n d  e n t e r s  w e l l  
i n t o  t h e  s p e r m a th e c a  a s  a  d u c t :  a n o t h e r  p r o j e c t i o n  i n  
t h e  fo rm  o f  a  c h i t i n i s e d  knob  on  one s i d e  o f  t h e  
c i r c u l a r  ch am b er  p r o v i d e s  a t t a c h m e n t  f o r  m u s c l e s  g o in g  
f ro m  t h e  m ou th  o f  t h e  s p e r m a t h e c a .  The u s u a l  s t r u c t u r e  
d e s c r i b e d  a s  t h e  s p e r m a t h e c a  seem s t o  b e  s i t u a t e d  on  
t h e  w a l l  o f  t h e  g e n i t a l  ch am b er  b u t  c l o s e  t o  t h e  







L a r v a l  M o u l t i n g .
The l a r v a e  o f  C. t u r c i c u s  a n d  C. f e r r u g i n e u s  m o u l t  
f o u r  t i m e s  a n d  t h e  m a n n e r  i n  w h ic h  t h e y  em erge  f ro m  t h e  
o l d  c u t i c l e  i s  s t r i k i n g l y  s i m i l a r  i n  t h e  tw o s p e c i e s .  
D o r s a l l y  t h e  l i n e s  o f  w e a k n e s s ,  a l o n g  w h ic h  t h e  o l d  
c u t i c l e  e v e n t u a l l y  s p l i t s ,  i n  b o t h  s p e c i e s  c a n  b e  s e e n ,  
s t a r t i n g  b e h i n d  t h e  a n t e n n a .  E ach  l i n e  c u r v e s  t o w a r d s  
t h e  c e n t r e  o f  t h e  h e a d  a n d  t e r m i n a t e s  a t  i t s  p o s t e r i o r  
e n d .  A long  t h e  m i d - d o r s a l  r e g i o n  o f  t h e  t h o r a x  i s  a  
w eak z o n e ,  f a i n t l y  v i s i b l e  f ro m  t h e  "neck '*  t o  a b o u t  t h e  
f r o n t  en d  o f  t h e  m e t a t h o r a x .  I t  i s  c l e a r e s t  i n  t h e  
p r o t h o r a x .  A ls o ,  i n  t h e  a n t e r i o r  v e n t r a l  s i d e  o f  t h e  
p r o t h o r a x  a  w e l l  s e l e r o t i s e d  r o d  i s  s e e n  i n  t h e  m id d l e  
o f  a  d i s t i n c t  "V" r e g i o n .  I n  t h e  f i r s t ,  t h r e e  i n s t a r s  
t h e  "V" i t s e l f  f o rm s  t h e  l i n e  o f  w e a k n e s s  f o r  m o u l t i n g .
S i n c e  o b s e r v a t i o n s  on  m o u l t i n g  w e re  made on  l a r v a e  
r e a r e d  s i n g l y  i n  g l a s s  s p e c i m e n - t u b e s ,  w i t h  o n ly  one  
o r  tw o  t r a n s v e r s e  s e c t i o n s  o f  w h e a t  a s  f o o d ,  i t  was 
p o s s i b l e  t o  s e e  t h e  p r o c e s s  i n  d e t a i l .  M ost o b s e r v a t i o n s  
w ere  made on  t h e  s e c o n d  and  t h i r d  i n s t a r s  a n d  a l t h o u g h  
t h e  f i r s t  i n s t a r s  s h e d  t h e i r  o l d  s k i n  i n  much t h e  same 
way a s  t h e  s e c o n d  a n d  t h i r d  i n s t a r s  t h e  v e n t r a l  s p l i t  
b e i n g  p r o m i n e n t ,  d e t a i l s  o f  t h e  d o r s a l  r u p t u r e s  w e re  n o t  
n o t e d .  B u t t h e  m e th o d  a d o p t e d  b y  t h e  f o u r t h  l a r v a  i s  
d i f f e r e n t .  Some s t a g e  o f  m o u l t i n g  was c a r e f u l l y  o b s e r v e d  
i n  a b o u t  t e n  l a r v a e  o f  e a c h  s t a g e  i n  e a c h  s p e c i e s ,  b u t  
w as s e e n  t h r o u g h o u t  t h e  e n t i r e  p r o c e s s  o n ly  i n  a  fe w . 
D e t a i l s  o f  t h e  p r o c e s s  o f  m o u l t i n g  i n  a  C. f e r r u g i n o u s  
l a r v a  i s  g i v e n  l a t e r .
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A t t h e  o u t s e t  t h e  a p p e a r a n c e  o f  a  b r o w n i s h  t i n g e  
t o  t h e  l a r v a  a s  a  w h o le  i n d i c a t e s  t h a t  i t  i s  a b o u t  t o  
m o u l t ,  a n d  t h i s  i s  n o t i c e a b l e  a b o u t  t w e n t y - f o u r  h o u r s  
b e f o r e  i t  a c t u a l l y  m o u l t s .  T h e r e f o r e  l a r v a e  i n  t h i s  
c o n d i t i o n  w ere  o b s e r v e d  e v e r y  now a n d  t h e n  d u r i n g  t h e  
e a r l y  p a r t  o f  t h e  p r o c e s s .  A " f e e d i n g  ch a m b er"  w as 
g e n e r a l l y  n o t  made w hen t h e  l a r v a e  w e re  d i s t u r b e d  f o r  
m ak in g  o b s e r v a t i o n s ,  a n d  i n  t h e s e  i n  s t a r e  e s  t h e  l a r v a e  
n o r m a l l y  move away f ro m  t h e  s e c t i o n  o f  w h e a t ;  t h i s  i s  
more n o t i c e a b l e  i n  Q. f e r r u g i n e u s  t h a n  C. t u r c i c u s .
Q. f e r r u g i n e u s .
A s e c o n d  i n s t a r  o f  t h i s  s p e c i e s  w as n o t i c e d  o f f -  
w h i t e  a n d  i t  v/as o b s e r v e d  f ro m  a b o v e ,  u n t i l  i t  c o m p le t e d  
e c d y s i s . The b e a d  a n d  t h o r a x  w ere  p r e s s e d  down, t h e  
l a t t e r  v e r y  f i r m l y  and  t h e  l e g s  m oved r h y t h m i c a l l y  t o  
a n d  f r o  l i k e  t h e  o a r s  o f  a  r o w i n g - b o a t .  The h e a d  a n d  
p r o t h o r a x  b e n t  b a c k w a r d s  o c c a s i o n a l l y .  The abdom en 
w as o f t e n  m oved t o  t h e  l e f t  a n d  r i g h t .  A bout f i v e  
m i n u t e s  l a t e r  t h e  abdom en w as m oved t o  t h e  l e f t  f o r m i n g  
a  s o r t  o f  "U**, a n d  t h e n  s u d d e n ly  s t r e t c h e d ,  a n d  t h e  
a b d o m in a l  s e g m e n ts  o n e ,  two a n d  t h r e e  r e m a in e d  humped.
The t h o r a x  a p p e a r e d  t o  be  s t r e t c h e d  away f ro m  t h e  abdom en, 
an d  w as k e p t  a s  c l o s e l y  p r e s s e d  t o  t h e  s u b s t r a t e  a s  
p o s s i b l e  a l l  t h e  t i m e .  The abdom en was t h e n  r a i s e d  
u p w a rd s  a n d  t h e  a n a l  h o o k s  b r o u g h t  t o w a r d s  t h e  h e a d  b y  
a  q u i c k  m ovem ent o f  t h e  abdom en . The h o o k s  g r a s p e d  t h e  
a n t e r i o r  r e g i o n  o f  t h e  h e a d ,  p o s s i b l y  t h e  m o u th  p a r t s .
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a n d  s u d d e n l y  swung s t r a i g h t  b a c k  a n d  t h e  abdom en w as 
l a s h e d  f ro m  s i d e  t o  s i d e .  D u r in g  t h i s  t i m e  t h e  r i g h t  
h i n d  l e g  was t u c k e d  u n d e r n e a t h  t h e  abdom en. The abdom en 
w as r a i s e d ,  t h e  s p a c e  b e tw e e n  t h e  a n a l  h o o k s  w id e n e d  a n d  
t h e  abdom en t h e n  c o n t r a c t e d  v i g o r o u s l y ;  t h e  a n t e r i o r  
a b d o m in a l  s e g m e n ts  a n d  m e t a t h o r a x  w e re  d i s t i n c t l y  p u s h e d  
a n t e r i o l y .  The tw o a b d o m in a l  s e g m e n ts  i n  f r o n t  o f  t h e  
one b e a r i n g  t h e  a n a l  h o o k s  w ere  s h r u n k .  I t  may b e  t h a t  t h i s  
which o c c u r e d  f o r t y - f i v e  m i n u t e s  a f t e r  o b s e r v a t i o n s  s t a r t e d ,  
m e a n t  t h e  r e m o v a l  o f  t h e  a n a l  h o o k s  a n d  p o s t e r i o r  s e g m e n ts  
o f  t h e  abdom en f ro m  t h e  o l d  s k i n .
I n s t a n t l y  t h e  s k i n  s p l i t  a l o n g  t h e  m i d - d o r s a l  l i n e  
i n  t h e  t h o r a x ,  t h e  r i g h t  h a l f  o f  s k i n  f l a p p e d  o v e r  
f i r s t  t e a r i n g  o f f  a t  t h e  n e c k .  The new l a r v a  em e rg e d  
t h o r a x  f i r s t ,  w h ich  l o o p e d  d o r s a l l y  p u l l i n g  w i t h  i t  t h e  
l e g s  w h ic h  i s s u e d  p r e s s e d  t o  t h e  b o d y ,  c l a w s  d i r e c t e d  
p o s t e r i o l y ;  t h e  o ld  h e a d  c a p s u l e  b u r s t  o p en  a l o n g  t h e  
tw o l i n e s  o f  w e a k n e s s  and  t h e  h e a d  w as d raw n  o u t .
P r o b a b l y  a t  t h e  same t i m e  t h e  o l d  c u t i c l e ^ l i t  v e n t r a l l y  
a l o n g  t h e  "V" i n  t h e  p r o t h o r a x .  B e c a u s e  v/hen t h e  h ea d  
i s s u e d  i t s  o l d  c u t i c l e  w as a t t a c h e d  t o  t h e  r e s t  o f  t h e  
exuv ium  o n l y  b y  t h e  s i d e s .  The "V" o f  t h e  p r o t h o r a x  
t o g e t h e r  w i t h  t h e  s e l e r o t i s e d  r o d  rem a in ed , w i t h  che  
h e a d  s k i n .
The l a r v a l  l e g s  r e m a i n e d  i n  t h e  same p o s i t i o n  a s  
a t  e m e rg e n c e  f o r  some t i m e .  The abdom en w^as t h e n  d raw n 
a n t e r i o l y  b y  b a c k w a rd  b e n d i n g  m ovem en ts  o f  t h e  l a r v a ,  an d  
when t h i s  s t o p p e d ,  t h e  o ld  c u t i c l e  r o u n d  t h e  abdom en was 
s h u n t e d  c a u d a d ,  a n d  i t s  s e g m e n ts  h a d  s h r u n k  one i n t o  t h e
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o t h e r .  When o n l y  t h e  l a s t  a b d o m in a l  se g m e n t o f  t h e  l a r v a  
r e m a in e d  w i t h i n  t h e  s k i n ,  i t  b e n t  b a c k  and g r i p p e d  t h e  
m o u l t e d  s k i n  w i th  t h e  m a n d i b l e s  and  p u l l e d  i t  t o w a r d s  i t ,  
w h i l e  t h e  abdom en a l s o  s u r l e d  aw ay . O n ly  t h e  m a n d ib l e  
t i p s  w ere  t a n n e d ,  t h e  r e s t  i n c l u d i n g  t h e  a n a l  h o o k s  w ere  
t r a n s p a r e n t  w h i t e .  M o u l t i n g  i s  p r e s u m a b ly  a i d e d  b y  
m o u l t i n g  f l u i d ,  s i n c e  t h e  b o d y  g av e  a  g l o s s y  a p p e a r a n c e ,  
a n d  p a r t i c l e s  o f  f o o d  a d h e re d ,  t o  i t  a s  t h e  l a r v a  came 
i n  c o n t a c t  w i t h  t h e s e  w h i l e  e m e r g in g .  The nev/ l a r v a  k e p t  
m o v in g  t h e  m ou th  p a r t s  a n d  s t r e t c h e d  t h e  l e g s  a s  i f  
g ro o m in g  i t s e l f .
By a b o u t  one  h o u r  a n d  t e n  m i n u t e s  t h e  m o u l t  w as 
o v e r ,  b u t  t h e  l a r v e  becam e a c t i v e  o n l y  a b o u t  f i f t e e n  
m i n u t e s  l a t e r .
M o u l t i n g  i n  C. f e r r u g i n o u s  i s  t h e r e f o r e  s e e n  t o  b e  
b r o u g h t  a b o u t  c h i e f l y  b y  t h e  a c t i v i t y  o f  t h e  abdom en , i . e .  
b y  t h e  c o n t r a c t i o n  a n d  e x t e n s i o n  a n d  b y  i t s  c h a r a c t e r i s t i c  
b e n d i n g  m o v e m en ts .
I n  o t h e r  l a r v a e  o f  C. f e r r u g i n o u s  t h e  p r o c e s s  was 
e s s e n t i a l l y  t h e  s a n e .  I n  one t h e  l a r v a  s o m e r s a u l t e d  
t h r e e  t i m e s  b y  b e n d i n g  t h e  abdom en a n d  d ra v / in g  i t s  a n a l  
h o o k s  t o w a r d s  i t s  h e a d ,  a n d  t u r n i n g  o v e r ,  t h e r e b y  
r e l e a s i n g  t h e  f i r m  h o l d  o f  t h e  t h o r a x  on  t h e  f l o o r .
M o u l t in g  o b s e r v e d  f o r  t h e  s e c o n d  a n d  t h i r d  i n s t a r s  
o f  C. t u r c i c u s  w as s i m i l a r  t o  t h a t  o f  C. f e r r u g i n o u s , 
e x c e p t  f o r  s l i g h t  d i f f e r e n c e s  i n  t h e  am ount o f  movement 
e f f e c t e d  to w a r d s  t h e  p r o c e s s .  C. t u r c i c u s  on  t h e  w h o le
e x h i b i t s  s u b t l e  r h y t h m i c  m o v em en ts , b u t  C. f e r r u g i n e u s  
h a s  a  m ore e l a b o r a t e  way o f  b e n d i n g  a n d  c u r l i n g  t h e  
abdom en a n d  e v e n  s o m e r s a u l t i n g .  Such  a  p r o c e s s  w i l l  
be m ore  d i f f i c u l t  i n  f l o u r  t h a n  w h e re  m ore s p a c e  i s  
a v a i l a b l e  a s  f o r  i n s t a n c e  a m id s t  l a r g e r  p a r t i c l e s  
s u c h  a s  b r o k e n  o r  w h o le  g r a i n .  B u t s i n c e .  C. f e r r u g i n e u s  
h a s  n o t  b e e n  o b s e r v e d  m o u l t i n g  i n  f l o u r ,  i t  i s  n o t  
c e r t a i n  w h e th e r  t h e  same p r o c e d u r e  i s  f o l l o w e d  t h e r e .  
However i t  i s  i n t e r e s t i n g  t h a t  when C. f e r r u g i n e u s  
l i v e s  w i t h i n ' g r a i n  a l t h o u g h  i t  o c c u p i e s  s u c h  a  t i n y  
c e l l  p a r t i a l l y  ( o r  p r e v i o u s l y )  o c c u p i e d  b y  t h e  w h e a t  
g e rm , i t  i s  s t i l l  a b l e  t o  m o u l t  w i t h i n .  M o v e m aits  o f  
t h e  l a r v a e  w o u ld  b e  much r e s t r i c t e d ,  b u t  i t  i s  p o s s i b l e  
i t  w o u ld  i n  f a c t  p r o m o te  q u i c k e r  m o u l t i n g ,  b y  t h e  a n a l  
h o o k s  h o l d i n g  on t o  t h e  g r a i n  d u r i n g  t h e  e a r l y  m o v e m en ts .  
T h i s  c o u l d  a l s o  b e  t h e  c a s e  f o r  C. t u r c i c u s  b u t  t h i s  
s p e c i e s  may n o t  e x p e r i e n c e  t h e  d i f f i c u l t y  a s  0 .  f e r r u g i n e u s  
m ig h t  i n  f l o u r ,  s i n c e  i t  show s l e s s  m ovem ent.
A l th o u g h  t h i s  d i f f e r e n c e  b e tw e e n  t h e  tv/o s p e c i e s  
i s  o n l y  v e r y  s l i g h t ,  i t  may p l a y  a  s m a l l  r o l e  i n  t h e  
e f f e c t i v e  d i s t r i b u t i o n  o f  t h e  s p e c i e s .
The f o u r t h  l a r v a  o f  b o th  s p e c i e s  m o u l t s  b y  
c e p h a l o c a u d a d  m o v e m e n ts .  The v e n t r a l  s p l i t t i n g  o f  t h e  
o l d  c u t i c l e  a l o n g  t h e  "V" i n  t h e  p r o t h o r a x  no l o n g e r  
t a k e s  p l a c e ,  b u t  t h e  s e l e r o t i s e d  r o d  s e r v e s  t o  p r e v e n t  
t h e  s h r i n k i n g  s t a r t e d  i n  t h e  p o s t e r i o r  s e g m e n ts  f ro m  
c o n t i n u i n g  i n t o  t h e  p r o t h o r a x .  The p u p a  m o u l t s  b y  t h e
89
l a r v a l  s k i n  s p l i t t i n g  d o r s a l l y  a l o n g  i t s  l i n e s  o f  
w e a k n e s s ,  a s  i n  t h e  p r e v i o u s  s t a g e s .  The p s c u l i a r i t y  
o f  t h e  f o u r t h  l a r v a l  m o u l t  i s  n o t  s u r p r i s i n g ,  s i n c e  t h e  
a n t e r i o r  l i m i t  o f  t h e  a l r e a d y  fo rm e d  p u p a  w i t h i n ,  i s  t h e  
p o s t e r i o r  en d  o f  t h e  l a r v a l  h e a d .  H ence t h e  "V" c a n n o t  
b e  made t o  ^ l i t  by  t h e  m e th o d  f o l l o w e d  b y  t h e  f i r s t  
t h r e e  i n s t a r s .
The p u p a  m o u l t s  when f u l l y  t a n n e d ,  r e v e a l i n g  t h e  
im a g o .  R i l e t t  ( 1 9 4 9 )  b r i e f l y  d e s c r i b e s  t h i s  p r o c e s s .
The d e t a i l s  o f  t h e  p r o c e s s  were n o t  o b s e r v e d .  L a r v a l  
e x u v i a e  sh o w in g  t h e  m a n n e r  i n  w h ich  t h e  s k i n  h a s  s l i t  
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C ocoon F o r m a t i o n .
I n t r o d u c t i o n .
The l a r v a e  o f  0 .  t u r c i c u s  a n d  C. f e r r u g i n o u s  a r e  
among t h e  few  i n s e c t s  w h ic h  make u s e  o f  s e c r e t i o n s  f ro m  
p r o t h o r a c i c  g l a n d s  f o r  b u i l d i n g  a  c o c o o n .  M a l p i g h i a n  
t u b e s  a r e  known t o  s e c r e t e  s i l k  i n  some b e e t l e s  
( W ig g le s w o r th  1 9 5 0 ) ,  t h e  s e c r e t i o n s  o f  t h e s e  n o r m a l l y  
i s s u i n g  t h r o u g h  t h e  a n u s .  P r o t h o r a c i c  g l a n d s  i n  some 
c o l e o p t e r a  h av e  b e e n  s t u d i e d  b y  S r i v a s t a v a  ( 1 9 5 9 ) .  I n  
C r y p t o l e s t e s , s p e c i a l  b r i s t l e s  s i t u a t e d  on  a  p a i r  o f  
p a p i l l a e  i n  t h e  p r o t h o r a x  c o n d u c t  t h e  s e c r e t i o n  t o  t h e  
e x t e r i o r .  I t  w i l l  be u s e f u l  t o  g i v e  a  d e s c r i p t i o n  o f  
t h e  s t r u c t u r e s  c o n c e r n e d ,  b e f o r e  d e a l i n g  w i t h  t h e  a c t u a l  
b u i l d i n g  o f  c o c o o n .
The s i l k  g l a n d s  becom e m ore p r o m in e n t  e x t e r n a l l y  
i n  t h e  l a t e r  f o u r t h  i n s t a r s  o f  t h e  tw o s p e c i e s ,  a s  two 
p a p i l l a e ,  one  on  e i t h e r  s i d e  o f  t h e  p r o t h o r a x .  I n  
C. t u r c i c u s , t h e  g l a n d s  a r e  c o m p l e t e l y  v e n t r a l  i n  
p o s i t i o n  a n d  t h e  a p e x  i s  d i r e c t e d  a n t e r i o l y  ( F i g .  1 2 ) .
An - a n n u la r  f o l d  a p p e a r s  t o  e x i s t  n e a r  t h e  b a s e  o f  e a c h  
p a p i l l a ,  a n d  o f t e n  t h e  r e g i o n  b e y o n d  t h i s  i s  som ew hat 
w i th d r a w n  a t  t h e  f o l d .  The p a p i l l a e  a r e  t h e r e f o r e  b e s t  
s e e n  w h i l e  t h e  l a r v a  i s  a c t u a l l y  b u i l d i n g  t h e  c o c o o n ,  
when i t  i s  u s u a l l y  f u l l y  e x t e n d e d .  B r i s t l e s  a r r a n g e d  
on  t h e  sum m it o f  t h e  p a p i l l a  a p p e a r  t o  be  i n  a b o u t  s e v e n  
i n c o m p l e t e  c o n c e n t r i c  c i r c l e s ,  g r a d u a l l y  d e c r e a s i n g  i n  
num ber a n d  s i z e  f ro m  w i t h o u t ,  and s e r v e  t o  c o n d u c t  t h e  
s e c r e t i o n  o f  t h e  g l a n d  t o  t h e  o u t s i d e .  T h e se  b r i s t l e s  
c u r v e  s l i g h t l y  in w a r d s  a t  t h e i r  t i p s .  I n  a d d i t i o n  t h i s
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r e g i o n  c o n t a i n i n g  t h e  b r i s t l e s  c a n  a l s o  b e  som ew hat 
w i th d r a w n ,  s i n c e  t h e y  a r e  o f t e n  s e e n  i n  a  d e p r e s s i o n  
r a t h e r  t h a n  on  t h e  dome. P o s s i b l y  t h e  b r i s t l e s  a r e  so  
a d j u s t e d  t o  d i f f e r e n t  u s e s  w h i l e  b u i l d i n g .  P o r  i n s t a n c e ,  
t h e  l o n g e r  o u t e r  o n e s  may n o r m a l l y  b e  u s e d  i n  b u i l d i n g  
t h e  c o c o o n ,  s i n c e  t h e  l a r v a  i s  s e e n  t o  e x h i b i t  a  s o r t  o f  
g r i n d i n g  m ovem ent, a s  b y  a  p e s t l e  i n  m o r t a r ,  w i t h  i t s  
p a p i l l a .  B u t t o w a r d s  t h e  f i n a l  s t a g e s ,  t h e  l a r v a  p r e s s e s  
o n ly  t h e  t i p  o f  t h e  p a p i l l a e ,  h en c e  o n ly  t h e  c e n t r a l  
s m a l l e r  s e t a e  may b e  u s e d  a t  t h i s  t i m e  a n d  f u n c t i o n  i n  
s m e a r in g  t h e  o p aq u e  s u b s t a n c e  o f  t h e  c o c o o n  ( s e e  l a t e r ) .
T h i s  m a n n e r  o f  u s i n g  t h e  tw o d i f f e r e n t  r e g i o n s  o f  
t h e  p a p i l l a e  w i t h  r e s p e c t  t o  t h e  s e t a e ,  s u g g e s t s  t h e  
p o s s i b l e  e x i s t e n c e  o f  tw o  s e t s  o f  g l a n d s  c o n n e c t e d  w i t h  
t h e  two s e t s  o f  s e t a e ,  b u t  t h i s  h a s  n o t  b e e n  i n v e s t i g a t e d  
f u r t h e r .
The p a p i l l a e  o f  0 .  f e r r u g i n o u s  on  t h e  o t h e r  h an d  
a l t h o u g h  v e n t r a l  a r e  d i r e c t e d  a n t e r o l a t e r a l l y  ( F i g .  I J ) ,  
a n d  t h e  b r i s t l e s  a r e  a r r a n g e d  i n  a  som ewhat s e m i c i r c u l a r  
f a s h i o n ,  s t a r t i n g  w i t h  o n ly  one o r  tw o s e t a e  v e n t  r a l l y  
( i n  w h ic h  p o s i t i o n  i n  C. t u r c i c u s , t h e  maximum num ber o f  
s e t a e  w e re  f o u n d ) ;  a n d  t h e s e  i n c r e a s i n g  i n  num ber a s  t h e  
c i r c l e s  w id e n  t o w a r d s  t h e  a p e x ,  h e n c e  t h e  maximum num ber 
i s  f o u n d  on  t h e  dome o f  t h e  p a p i l l a .  M e a su re m e n ts  o f  t h e  
b r i s t l e s  o f  t h i s  s p e c i e s  a r e  g i v e n  b y  R o b e r t s  a n d  R i l e t t  
(1953 )>  a s  v a r y i n g  f ro m  21 t o  $4- m i c r o n s .  They have a l s o  
d e s c r i b e d  i n  d e t a i l  t h e  h i s t o l o g y  o f  t h e  s i l k  g l a n d  o f  
C. f e r r u g i n o u s  w h ic h  i s  b r i e f l y  a s  f o l l o w s .
The s t r u c t u r e  i s  com posed  o f  a  num ber o f  u n i c e l l u l a r  





but th e  shape changes w ith  th e  o n se t o f  s e c r e t io n .  I t  i s  
g e n e r a lly  f u l l y  d evelop ed  during th e  f i r s t  f i v e  to  e ig h t  
days o f th e  fo u rth  in s t a r .  Each g lan d  c e l l  p o s s e s s e s  a 
lon g  s le n d e r  am pulla, cu r led  w ith in  th e  c e l l .  The lumen 
o f  th e  am pulla i s  con tin u ou s w ith  an e x t r a c e l lu la r  duct 
which le a d s  to  th e  o u ts id e  through th e  b r i s t l e .  Gradual 
accum ulation  o f  th e  s e c r e t io n  occu rs in  th e  form o f  
b a s o p h ilic  gran u les w ith in  th e  g lan d , b e fo re  s i l k  i s  
r e le a s e d  e x t e r n a l ly .
The in te r n a l  anatomy o f  th e  g lan d s o f Q. tu r c ic u s  
i s  not known, h o w ev er 'it  has been seen  on o c c a s io n s , when 
th e  la r v a  was squashed, a s a bunch o f  t e n  or more la r g e  
sp h e r ic a l c e l l s  hanging from th e  b a sa l ends o f th e  
b r i s t l e s ,  by s len d e r  th r e a d s . The b ase o f  th e  b r i s t l e s  
shows s l i g h t  en largem en ts.
P ro cess  o f  b u ild in g  in  C. t u r c ic u s .
The fo u rth  in s t a r  la r v a  p r io r  to  b u ild in g  a cocoon, 
g e n e r a lly  moves from i t s  " feed in g  chamber", and lo c a te s  
a sp ot in  which to  pupapate. I t  th en  b u ild s  a tough  
cocoon which becomes q u ite  opaque when i t  i s  com pleted .
In  b u ild in g  th e  cocoon th e  la r v a  does not in co rp o ra te  
any p a r t i c l e  o f  food  or f e c e s ,  but m erely f in d s  a 
su b s tr a te  on which to  b u ild  th e  cocoon . T his method can  
c le a r ly  be r e fe r r e d  to  a s  "sp in n in g" , th a t  i s ,  where th e  
cocoon i s  spun s o le ly  from th e  la r v a l  s e c r e t io n .
In  th e  experim ents conducted to  determ ine th e  
developm ental p er io d , during which th e  o b serv a tio n s  were
made, th e  la r v a  was n orm ally  found to  choose a s i t e
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a g a in st  th e  g la s s ,  when in  f lo u r  or; crushed , s e c t io n  o f ,  
or w h o le-g ra in ; and o c c a s io n a lly  b u ild  a cocoon in  th e  
1 o n g d itu d in a l d ep ress io n  a long th e  w h o le -g ra in , or on 
one s id e  o f th e  whole or broken g r a in . Having chosen  
th e  s i t e ,  i t  f i r s t  c le a r s  th e  ^ a c e  o f any p a r t i c l e  o f  
food  or f e c e s .  I f  a la r g e  p a r t ic le  o f  food  i s  found in  
i t s  way, i t  has g rea t d i f f i c u l t y  in  g e t t in g  r id  o f  t h i s .  
A fter  many u n su c c e ss fu l a ttem p ts w ith  t h e ir  m andibles and 
l e g s  to  remove th e  p a r t i c l e  from th e  s i t e ,  th ey  o fte n  
push th e s e  away w ith  th e head. S in ce  the s i l k  gland  
p a p i l la e  occupy a p o s i t io n  betw een th e  m outhparts and 
th e  fo r e  l e g s ,  th ey  may be o b s tr u c tin g  th e  proper handling  
o f  th e s e  p a r t i c l e s .
Having c le a r e d  th e  s i t e ,  th e  la r v a  p r e s s e s  one o f  
th e p a p i l la e  a g a in s t  th e chosen su r fa ce  and i t  p roceed s  
sidew ays and backwards a sh ort d is ta n c e  and s to p s ;  t h i s  
len g th  seems to  be measured rou gh ly  by th e  d is ta n c e  between  
th e  two p a p i l la e .  The s i l k  r e le a s e d  by t h i s  method 
le n g th e n s , which i s  cem ented to  th e  su r fa ce  by th e  p a p i l la ,  
a t th e  end o f  th e  measured d is ta n c e  fu r th e r  s i l k  i s s u e s  
when i t  draws backwards a g a in . The p r o c e ss  i s  rep ea ted , 
and a z ig -z a g  p a tte r n  r e s u l t s  a t t h i s  end. The f i r s t  p a ir  
o f  l e g s  o f te n  a id  by k eep in g  th e stran d  o f f  th e  su rfa ce  
w h ile  i t  i s s u e s ,  w h ile  th e  head appears to  be th r u s t  
tow ards th e  p roth orax .
The l a r v a  t h e n  p r o c e e d s  f o r w a r d s  a t  an  a n g l e  o f  
a b o u t  4 5 ^ ( P i g .  1 4 , 1 . ) ,  t h e  s i l k  t h r e a d  l e n g t h e n s  f ro m  
b e h i n d ,  a n d  t h e  l a r v a  w a lk s  a s  i f  i t  w e re  on  t h i s  t h r e a d  
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t o  t h e  a n g l e  m ade . I t  was n o t i c e d  a t  t h e  end  o f  t h i s  
t h a t  t h e  l o n g  s t r a n d  w h ich  w as t r a i l i n g  b e h i n d  f ro m  t h e  
o t h e r  p a p i l l a ,  had  b e e n  c e m e n te d  a t  i n t e r v a l s U n e a r l y ;  
p r o b a b l y  t h i s  w as e f f e c t e d  b y  t h e  l e g s  a s  t h e y  m oved on 
i t ,  g e n t l y  p r e s s i n g  th e m  t o  t h e  s u r f a c e ,  when t h e  s i l k  
m ig h t  h av e  g o t  h a r d e n e d  a n d  s t u c k  f i r m l y .  The l a r v a  
s lo w s  down when i t s  w h o le  l e n g t h  i s  c o v e r e d ,  a n d  r e p e a t s  
t h e  f i r s t  z i g - z a g  p r o c e s s  o f  c e m e n t in g  t h e  s i l k  i n  
s h o r t  s t r i p s  a t  t h i s  e n d .  The l a r v a  t h e n  s h u n t e d  a t  
a n  a n g l e  o f  a b o u t  4 5 ^ ,  b u t  m ore s l o w l y ,  a n d  r e a c h e d  a  
l e v e l  f u r t h e r  b e lo w  t h e  p o i n t  o f  o r i g i n ,  a n d  c e m e n te d  
t h e  end  o f  t h e  t h r e a d  i s s u i n g .  A f t e r  a  few  z i g - z a g  
m ovem en ts  i n  e i t h e r  d i r e c t i o n  a b o u t  t h i s  p o i n t ,  f i x i n g  
t h e  s i l k ,  i t  p r o p e l l e d  i t s e l f  a n t e r i o r l y  a g a i n  a t  a n  
a n g l e  o f  a b o u t  4 5 ^  o r  m ore  t o  t h e  l o n g  s t r a n d  j u s t  
p r e v i o u s l y  l a i d  down, i n  so d o in g  i t  r e a c h e d  t h e  f i r s t  
p o i n t  o f  o r i g i n ,  h e r e  i t  c e m e n te d  t h e  s t r a n d  a n d  s h u n t e d  
a t  an  a n g l e  t o  t h e  s t r a n d  j u s t  l a i d ,  u n t i l  i t  c o u l d  h o l d  
some s i l k  w i t h  one  o f  i t s  l a s t  p a i r  o f  l e g s ,  i t  t h e n  
c e m e n te d  down t h e  s i l k .  I t  a d d e d  a  few  m ore z i g - z a g  
s t r a n d s  h e r e ,  t u r n e d  a l o n g  i t s  l e f t  a n d  was w o rk in g  a l o n g  
t h e  o u t e r  b o u n d a r y  o f  t h e  f u t u r e  c o c o o n ,  h o l d i n g  t h e  
l o n g  s t r a n d s  l a i d  down w i t h  t h e  l e f t  s e t  o f  l e g s  an d  
" w a lk e d "  f o r w a r d s  a t  t h e  same t im e  c e m e n t in g  s i l k  s t r a n d s  
m o s t l y  i n  a  z i g - z a g  m a n n e r  a l l  a l o n g  w i th  i t s  p a p i l l a e .
I t  w en t r i g h t  r o u n d  t h e  so f r a m e d  s k e l e t o n  o f  t h e  c o c o o n .
The l a s t  was a  f a i r : ^ y  s lo w  p r o c e s s  a n d  w h i l e  i t  
p r o g r e s s e d  a n t e r i o l y ,  a  l o n g  s t r a n d  o f  s i l k  t r a i l e d  f ro m
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behind th e  r ig h t  hind l e g .  The p a ir  o f  p a p i l la e  were not 
d ir e c te d  forw ards as in  th e  u su a l p o s i t io n ,  but more 
p o s t e r io r ly  -  th u s r e v e a lin g  th e  a b i l i t y  fo r  f r e e  movement 
o f th e  p a p i l la e  u n lik e  in  G. fe r r u g in e u s . S trands o f  
s i l k  i s s u in g  from th e  p a p i l la  on each s id e  was in  
c o n tin u a tio n  w ith  a loop  o f s tra n d s h eld  during t h i s  
t im e , by th e  f i r s t  p a ir  o f  l e g s  a c r o ss  th e  p ro th orax , 
p o s t e r io ly .  From t h i s  loop  a s in g le  stran d  was drawn 
by each o f  th e  second p a ir  o f l e g s ,  w h ile  sp in n in g  
co n tin u ed . The head during t h i s  tim e v/as p u lle d  or  
s tr e tc h e d  away from th e  body, a n t e r io ly .  The c o n t in u ity  
o f th e  s i l k  a f t e r  th e  second p a ir  o f  l e g s  was not c le a r ,  
but i t  i s  p rob ab le th a t  th e  lon g  stran d  from th e  hind le g  
i s  a c t u a l ly  drawn from th e  reem o f  th read  betw een th e  
f i r s t  p a ir  o f le g s  v ia  th e  second p a ir ,  however t h i s  i s  
not c e r ta in .  N e v e r th e le s s , th e  la r v a  went round th e  
d e lin e a te d  cocoon sp a ce , sp in n in g  a l l  th e  t im e , o f te n  
th e  la r v a  form ing an arc during t h i s  p r o c e s s .
Once t h i s  i s  com pleted  and th e  la r v a  reached  th e  
s ta r t in g  p o in t ,  which i s  a ls o  th e  w ider r e g io n  o f  th e  
sp ace , i t  e n te r s  th e  c e n tr a l  space through th e  stra n d  o f  
s i l k  a c r o ss  th e  f l o o r ,  and appears to  make a meshwork 
which i s  more co n cen tra ted  near th e  e x tr e m it ie s ,  and along  
th e  w ider r e g io n  and c lo s e  to  th e  boundary, w h ile  a t one 
end i t  o c c a s io n a l ly  cu rves over a c r o ss  the median l in e  
and b u ild s  th e  o p p o s ite  end. The head moves a n te r o p o s te r io ly  
a l l  th e  tim e w h ile  th e  p a p i l la e  e x h ib it  th e  g r in d in g  
movement. In  t h i s  manner i t  e n c ir c le s  th e  in s id e  o f  th e  
cocoon sp a ce . I t  th en  sp in s  a t th e  w ider ex trem ity  aga in , 
where i t  appears to  craw l very  low .
105
The n e x t  s t a g e  s e e n  c l o s e s t  t o  t h i s  was t h e  l a r v a  
i n  t h e  c e n t r e  o f  t h e  c o c o o n  s p a c e  w i t h  t h e  abdom en c u r l e d  
up  d o r s a l l y ,  t h e  a n a l  h o o k s  d i r e c t e d  a t  an  a n g l e  o f  a b o u t  
120^  ( d o r s a l l y )  t o  t h e  h e a d ,  l y i n g  a b o u t  a  t h i r d  o f  t h e  
d i s t a n c e  f ro m  one e n d  o f  t h e  c o c o o n .  The l a r v a  w as 
s p i n n i n g  w i t h  i t s  p a p i l l a e ,  o c c a s i o n a l l y  a i d e d  b y  t h e  l e g s .
F o l lo w in g  t h i s  t h e  l a r v a  was n e x t  s e e n  t h r o u g h  t h e  
s e m i - t r a n s p a r e n t  r o o f  now s p u n ,  c u r l e d  i n  t h e  fo rm  o f  a  
m i r r o r - i m a g e  o f  "C " ,  t h e  h e a d  b e n t  b a c k w a rd s  a n d  t h e  
p a p i l l a e  d i r e c t e d  d o r s a l l y ,  t h e  a n a l  r e g i o n  t o u c h i n g  t h e  
s u r f a c e ,  b u t  hoo k s  c u r v e d  b a c k w a rd s  ( F i g .  1 4 ,  2 ) .  T h e se
p a p i l l a e  a r e  moved a n t e r o p o s t e r i o l y  a l l  t h e  t i m e .  The
l a r v a  w o rk s  on  a l l  s i d e s  o f  t h e  r o o f  i n  t h i s  m a n n e r ,  t h e n  
g o e s  r o u n d  t h e  i n n e r  b o r d e r  w h e re  t h e  r o o f  m e e t s  t h e  f l o o r ,  
an d  s e c u r e s  t h e  e d g e s  w e l l .  O f t e n  a t  t h i s  s t a g e  t h e  v e r y  
s m a l l  g a p s  s e e n  a l o n g  t h e  b o r d e r  a r e  c o m p l e t e l y  s e a l e d .
I n  a d d i t i o n  o t h e r  l a r v a e  o f t e n  t e a r  t h e  c o c o o n  a l o n g  t h e  
e d g e s ,  w h ic h  a r e  f e r r o c i o u s l y  a t t a c k e d  b y  t h e  b u i l d e r ,  by  
t h e  m outh  p a r t s  o r  a n a l  h o o k s ,  t h e  l a t t e r  p r o b a b l y  o n ly  
m im ic s  a n  a t t a c k i n g  a t t i t u d e .  The h o l e ,  i f  made b y  su c h  
a n  a t t a c k ,  i s  r e p a i r e d  a n d  t h e  c o c o o n  s e c u r e d  w e l l .  The 
r o o f  s o o n  b eco m es  m ore o r  l e s s  o p a q u e  an d  g i v e s  t h e  
a p p e a r a n c e  o f  a  c o n t i n u o u s  membrane r a t h e r  t h a n  a  
m esh w o rk . T h e r e f o r e  t h e  c o c o o n  was t h e n  v ie w e d  f ro m  b e lo w , 
t h a t  i s  t h r o u g h  t h e  g l a s s .  The f l o o r  o f  t h e  c o c o o n  i s  
p r a c t i c a l l y  t r a n s p a r e n t ,  e x c e p t  f o r  a  s l i g h t  m i s t y  
a p p e a r a n c e .  The c o c o o n  l o o k s  w e l l  c o m p le t e ,  b u t  t h e  
l a r v a  s t i l l  p r e s s e s  i t s  p a p i l l a e  a g a i n s t  t h e  f l o o r  an d  
d r a g s  th e m  a l o n g  t h i s  s u r f a c e .  No s i l k  s t r a n d s  a p p e a r  
f ro m  b e h i n d  t h e  p a p i l l a e  a n d  t h e  l e g s  l o o k  c o m p l e t e l y  
f r e e  o f  a n y .  I t  a p p e a r s  t o  sm e a r  t h e  f l o o r  w i t h  a
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s e c r e t i o n ,  b y  t h e  t i p  o f  t h e  p a p i l l a e .  The c h a r a c t e r i s t i c  
a n t e r o p o s t e r i o r  movement o f  t h e  p a p i l l a  b e i n g  e f f e c t e d ,  
b u t  m ore s l o w l y  an d  c l o s e l y  p r e s s e d  t o  t h e  s u r f a c e .  Soon  
t h i s  s u r f a c e  becom es o p a q u e ,  p r o b a b l y  b y  h a r d e n i n g  o f  
t h e  s u b s t a n c e  s m e a re d .  The l a r v a  g r a d u a l l y  s h o r t e n s  i n  
l e n g t h ,  a n d  i s  a b o u t  t o  p r e - p u p a t e .  At t h e  a n a l  e n d  ( i n  
t h e  r e c t u m ) ,  a  b ro w n  c o l o u r a t i o n  a b o u t  t h e  s i z e  o f  a  
l a r g e  f a e c a l  p e l l e t  a p p e a r s .  On t h e  l a r v a  b e c o m in g  a  
p r e p u p a ,  t h i s  i s  e x c r e t e d  a n d  t h e  p r e p u p a  o f t e n  r e m a in s  
a t t a c h e d  t o  t h e  s u b s t r a t e ,  by  t h i s  s u b s t a n c e  w h ic h  becom es 
h a r d e n e d .  S o m etim es  some o f  t h i s  i s  a l r e a d y  e x c r e t e d  
w h i l e  t h e  l a r v a  i s  b u i l d i n g ,  b u t  i t  i s  a lw a y s  s e e n  n e a r  
one o r  so m e t im e s  b o t h  t h e  p o l e s  o f  t h e  c o c o o n .  The 
d e g r e e  t o  w h ich  t h e  c o c o o n  b eco m es  o p a q u e  v a r i e s ,  a n d  
o f t e n  t h e  sm e a r  a g a i n s t  t h e  f l o o r  i s  l i g h t .  B u t when a  
c o c o o n  i s  made a g a i n s t  a  w h o le  g r a i n  o f  w h e a t ,  t h e r e f o r e  
p o s s i b l y  o n l y  on  a  n o n - t r a n s p a r e n t  s u b s t r a t e ,  a  d i s t i n c t  
c o v e r i n g  i s  s e e n  o n  t h i s ,  made b y  t h e  l a r v a e ,  w h ic h  p e e l s  
o f f  a s  a  v e r y  t h i n  m em brane. T h i s  m em brane w o u ld  b e  t h e  
r e s u l t  o f  h a r d e n i n g  o f  t h e  sm e a re d  o p a q u e - s u b s t r a t e ,  a n d  
d i s t i n c t l y  d i f f e r s  f ro m  t h e  r e s t  o f  t h e  c o c o o n  b y  b e i n g  
b r i t t l e  i n  n a t u r e ,  w h i l e  t h e  r e m a i n d e r  o f  t h e  c o c o o n  f e e l s  
m ore e l a s t i c .  S in c e  t h e  c o m p le te  p r o c e s s  o f  b u i l d i n g  i s  
d e t e r m i n e d  f ro m  o b s e r v a t i o n s  on many l a r v a e  a n d  n o t ,  a  
c o n t i n u o u s  one  f ro m  a  s i n g l e  l a r v a ,  s m a l l  o m m is s io n s  
m ig h t  have  b e e n  made b e tw e e n  one s t e p  a n d  a n o t h e r ,  o r  
p e r h a p s  some s t e p s  l e n g t h e n e d ,  o r  p e c u l i a r i t i e s  o f  a  few  
i n d i v i d u a l s  m ig h t  have  b e e n  g e n e r a l i s e d .  However on  t h e  
whole i t  g i v e s  a  f a i r l y  a c c u r a t e  p i c t u r e  o f  t h e  s e q u e n c e  
f o l l o w e d  i n  s p i n n i n g  a  c o c o o n .
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The s t a g e  a s  t o  how t h e  s p a c e ,  t h r o u g h  w h ic h  t h e  
l a r v a  e n t e r e d  t o  b u i l d  t h e  r o o f ,  w as c o m p le t e d  o r  how 
e x a c t l y  t h e  r o o f  was i n i t i a l l y  s p u n ,  w ere  n o t  o b s e r v e d .
I t  was i n t e r p r e t e d  h o w ev e r ,  t h a t  w h i l e  w o rk in g  r o u n d  t h e  
o u t s i d e  o f  t h e  f l o o r  p l a n ,  i t  l e a v e s  a  s m a l l  g a p .  The 
l a t t e r  p r o b a b l y  e n a b l e s  i t  t o  g a i n  a c c e s s  t o  t h e  c e n t r a l  
s p a c e  w i t h o u t  d i s t u r b i n g  t h e  r e s t  o f  t h e  s t r u c t u r e .  The 
m an n er  i n  w h ic h  t h e  l a r v a  made a  m eshw ork  i n  t h e  c e n t r a l  
s p a c e ,  a n d  t h e n  c u r v e d  up t h e  abdom en , may i n d i c a t e  t h a t  
h a v in g  made a  f ra m e w o rk  o f  t h e  r o o f  on  t h e  f l o o r ,  i t  
r a i s e s  i t  up w i t h  t h e  a n a l  s e g m e n t a n d  c e r c i ,  a t  t h e  same 
t im e  t h e  v e r t i c a l  d i s t a n c e  b e i n g  d e t e r m i n e d  b y  i t s  abdom en.
I t  c o n t i n u e d  t o  b u i l d  w h i l e  r e m a i n i n g  i n  t h i s  p o s i t i o n ,  
w h ic h  p o s s i b l y  g a v e  t i m e  f o r  t h e  r o o f  s k e l e t o n  t o  h a r d e n .  
S in c e  t h e  f l o o r  d i f f e r s  f ro m  t h e  r e s t  o f  t h e  c o c o o n  i n  
s t r u c t u r e ,  i t  i s  p o s s i b l e  t h a t  t h e  r o o f  i s  f i r s t  c o m p l e t e l y  
b u i l t  w i t h  s i l k  s t r a n d s  a n d  t h e n  r a i s e d  u p ,  a n d  c o a t e d  
on  t h e  i n s i d e  w i t h  t h e  o p a q u e  s u b s t a n c e .  T h i s  i f  t h e  
c o c o o n  i s  com posed  o f  two l a y e r s ,  t h e  i n n e r  one b e i n g  
a  c o n t i n u o u s  s t r u c t u r e ,  com posed  o f  t h e  o p aq u e  s e c r e t i o n ,  
i t  w o u ld  n o t  o n l y  a f f o r d  p r o t e c t i o n  b u t  a l s o  s e r v e  a s  
i n s u l a t i o n  t o  some e x t e n t  a g a i n s t  a d v e r s e  c o n d i t i o n s  o f  
t e m p e r a t u r e  ( a n d  h u m i d i t y ) ;  t h e  c o m p a r a t i v e l y  q u i c k e r  
d e v e lo p m e n t  o f  t h e  p u p a e  o f  t h i s  s p e c i e s  t h a n  C. f e r r u g i n e u s , 
may w e l l  b e  due  t o  t h i s .
When t h e  a d u l t  e m e rg e s  i t  p r o b a b l y  m akes u s e  o f  t h e  
s l i g h t l y  w id e r  e x t r e m i t y  o f  t h e  c o c o o n  f o r  e s c a p e .
The s p e e d  o f  b u i l d i n g  o f  t h e  c o c o o n  seem s t o  b e  a f f e c t e d  
b y  t e m p e r a t u r e ,  s i n c e  i t  a p p e a r s  t o  be  s lo w e r  a t  t h e  lo w  
t e m p e r a t u r e  t h a n  a t  t h e  h ig h  t e m p e r a t u r e ,  f ro m  o b s e r v a t i o n s
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m ade.
I n  g e n e r a l  l a r v a  o f  C. t u r c i c u s  s p i n s  a  c o c o o n ,  
a l t h o u g h  i t  o c c a s i o n a l l y  d o e s  n o t ,  when c o n d i t i o n s  a r e  
u n f a v o u r a b l e .
P r o c e s s  o f  b u i l d i n g  i n  C. f e r r u g i n e u s .
The f o u r t h  i n s t a r  o f  0 .  f e r r u g i n e u s  d o e s  n o t  seem t o  
f e e d  much d u r i n g  t h e  l a t t e r  p a r t  o f  i t s  l i f e ,  b e c a u s e  i t  
a p p e a r s  t o  w a n d e r  t h r o u g h  t h e  f o o d ,  w h ic h  i f  i t  i s  f l o u r  
i s  t u n n e l l e d  c o n s i d e r a b l y .  I t  so o n  c o n f i n e s  i t s e l f  t o  t h e  
s i t e  i t  c h o o s e s  t o  b u i l d  a  c o c o o n .  The c o c o o n  made a m id s t  
w ho le  g r a i n  o f  w h e a t ,  d i f f e r s  som ew hat f ro m  t h a t  nade i n  
f l o u r  o r  c r u s h e d  g r a i n ,  e v e n  b u i l d i n g  i n  t h e  l a s t  tw o , seem s 
t o  v a r y  s l i g h t l y .
On w h o le  g r a i n ,  g e n e r a l l y  a  v e r y  s im p le  c o c o o n  i s  
c o n s t r u c t e d .  I t  o f t e n  c h o o s e s  a  s i t e  b e tw e e n  t h e  g l a s s  
( o f  t h e  e x p e r i m e n t a l  t u b e s ) ,  an d  a  w h o le  g r a i n  o f  w h e a t .  
T ow ards  one en d  o f  t h e  g r a i n  on  t h e  f l o o r ,  t h e  l a r v a  
b u i l d s  a  m eshw ork  b y  a  m e th o d  s i m i l a r  t o  t h e " z i g - z a g "  
p r o c e s s  o f  G. t u r c i c u s , b j i t  b o t h  p a p i l l a e  w ere  d e f i n i t e l y  
s e e n  t o  l a y  t h e  m eshw ork , a n d  h en c e  o n  t h e  tw o s i d e s  t o  
t h e  p o i n t  o f  o r i g i n ,  r e s u l t i n g  i n  a  s t r u c t u r e  i n  t h e  fo rm  
o f  a n  i n v e r t e d  "V " .  I t  t h e n  t r a v e r s e s  i t s  w h o le  l e n g t h  
o p p o s i t e  t o  t h e  i n s i d e  o f  t h e  "V" a n d  b u i l d s  a  s i m i l a r  
m eshw ork  t h e  two "V "s  f a c i n g  e a c h  o t h e r .  O c c a s i o n a l l y  
t h e  l a r v a  w ebs h a p h a z a r d l y  i n  b e tw e e n  t h e s e  l i m i t s .
D u r in g  b u i l d i n g  t h e  h e a d  i s  v / i th d ra w n  w e l l  i n t o  t h e  
p r o t h o r a x ,  when t h e  f o r m e r  p r o b a b l y  e x e r t s  a  p r e s s u r e  
a g a i n s t  t h e  s i l k  g l a n d s  a n d  t h e  s e c r e t i o n  i s  t h r u s t  o u t .
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The abdom en c o n t r a c t s ,  a n d  i n  t h e  r e s u l t i n g  p r e p u p a  
s i l k  s t r a n d s  c a n  b e  s e e n  f ro m  t h e  p a p i l l a  b u t  i s  p r o b a b l y  
h a r d e n e d .  The b row n  e x c r e t i o n  s e e n  i n  C. t u r c i c u s  a p p e a r s  
h e r e  a s  w e l l ,  b u t  i s  m ore c o p i o u s ,  a n d  l e s s  v i s c o u s .  The 
p r e p u p a  r e m a in s  i n  t h e  c o c o o n  g e n e r a l l y  s t u c k  t o  t h e  
f l o o r  b y  t h e  b ro w n  e x c r e t i o n  a n d  a t t a c h e d  a n t e r i o l y  b y  
t h e  s t r a n d s  o f  s i l k  f ro m  t h e  p a p i l l a e .  B u t i t  o f t e n  
r e m a in s  f r e e ,  a n d  b eco m es l o o s e n e d  f ro m  t h e  b ro w n  s e c r e t i o n ,  
t h e  s i l k  s t r a n d s  a l s o  b e i n g  b r o k e n  o f f .
I n  f l o u r  a n d  c r u s h e d  g r a i n  i t  b u i l d s  a  c o c o o n  n e a r  
t h e  l a r v a l  " f e e d i n g  c h a m b e r " ;  b i t s  o f  b r a n ,  o r  p a r t i c l e s  
o f  f e c e s ,  o r  c a s t  s k i n  b e i n g  i n c o r p o r a t e d  i n  t h e  m eshw ork  
o f  s i l k ,  b u t  i n  f l o u r  i t  o f t e n  b u i l d s  a  m ore e l a b o r a t e  
c o c o o n ,  m a k in g  u s e  o f  a n y  l a r g e  p a r t i c l e s  a v a i l a b l e  i n  
t h e  v i c i n i t y .  F i r s t l y  i t  c l e a r s  t h e  s i t e  c h o s e n ,  a n d  
s h o v e s  p a r t i c l e s  i n  i t s  way w i t h  t h e  h in d  l e g s  s u c c e s s f u l l y ,  
t h r o u g h  t o  t h e  s e c o n d  a n d  t h e n c e  t o  t h e  f i r s t  p a i r  o f  l e g s .  
The f o r e  l e g s  s o m e tim e s  d i s p o s e  o f  t h e s e  b y  k i c k i n g  them  
away s id e w a y s ,  b u t  m ore o f t e n  p a s s  t h e s e  on  t o  t h e  m outh  
p a r t s ,  w h ic h  g r a s p  t h e  p a r t i c l e  a n d  l e a v e  i t  c l e a r  o u t  
o f  t h e  s p a c e ,  u n l i k e  0 .  t u r c i c u s . The l a r v a  t h e n  e n l a r g e s  
t h e  c a v i t y  b y  p u s h i n g  up  t h e  r o o f  an d  m akes a  dome s h a p e d  
c a v i t y .  I t  o f t e n  l i e s  n e a r  t h e  g l a s s  e n d  o f  t h e  t u b e ,  and  
p u s h e s  t h e  f l o u r  o u tw a r d s  w i th  t h e  f a r t h e r  l e g s .  The 
c a v i t y ,  s t r a n g e l y  enough  r e m a in s  w i t h o u t ,  t h e  r o o f  
c o l l a p s i n g  i n t o  i t ,  b u t  a s  t o  how t h i s  i s  a c h i e v e d  i n  
d r y  f l o u r  i s  s u r p r i s i n g .  I n  f a c t  i t  may e n c o u n t e r  much 
d i f f i c u l t y  i n  t h e  l a t t e r .  S o m e tim es  t h i s  a l r e a d y  
a p p r o x im a te d  s p a c e ,  b y  c l e a r i n g ,  i s  l o n g e r  t h a n  t h e  body  
l e n g t h ,  h ow ever  t h e  s p a c e  i s  made s h o r t e r  b y  w eb b in g
s t r a n d s  o f  s i l k  a c r o s s  a t  t h e  r e q u i r e d  l e n g t h .  The l a r v a
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now b u i l d s  a t  one e x t r e m i t y  o f  t h e  c a v i t y ,  i n c o r p o r a t i n g  
p a r t i c l e s  o f  f e c e s ,  e t c .  p u s h e d  a t  t h e  e n d s ;  i n  much t h e  
same way a s  f o r m in g  t h e  l i m i t s  on  w h o le  g r a i n ,  a l t h o u g h  
i t  i s  n o t  so  n e a t l y  d o n e  a s  on  t h e  g r a i n .  From t h e  p o i n t  
w h ere  a  m esh i s  m ade, t h e  l a r v a  p r o d u c e s  a  s t r a n d  o f  s i l k  
by  p r e s s i n g  a n d  p u l l i n g  b a c k w a rd s  t o  a b o u t  t h e  m id d le  o f  
t h i s  c a v i t y ,  w h ich  w o u ld  b e  a b o u t  t w o - t h i r d s  i t s  own 
l e n g t h ,  s i n c e  t h e  c a v i t y  i s  made som ew hat l o n g e r ,  a n d  f i x e s  
i t  h e r e ,  an d  f ro m  h e r e  i t  t a k e s  a  t h r e a d  t o  t h e  r i g h t ,  a n d  
f i x e s  i t  o n  t o  t h e  s i d e  o f  t h e  g l a s s  a t  a  s m a l l  e l e v a t i o n  
( F i g .  1 4 ,  3 ) ,  t h i s  s t r a n d  f o rm in g  j u s t  o v e r  a  r i g h t  a n g l e  
t o  t h e  one p r e v i o u s l y  l a i d .  The h e i g h t  o f  t h i s  i s  
p r o b a b l y  t h e  d i s t a n c e  b e tw e e n  t h e  h i n d  l e g s  a n d  t h e  
p a p i l l a e .  I t  t h e n  p r o c e e d s  a n t e r i o l y  a t  a n  a n g l e  o f  a b o u t  
4 3^  C o r  m ore an d  p r e s s e s  t h e  o p p o s i t e  p a p i l l a .  Some 
d i s t a n c e  -  r o u g h l y  t h e  l e n g t h  o f  t h o r a x - f r o m  t h e  o r i g i n a l  
m esh  o f  f e c e s .  As i t  l i f t e d  t h e  p a p i l l a  a  f i n e  d r o p  o f  
s e c r e t i o n ,  c l e a r  a n d  g l i s t e n i n g  a p p e a r e d ,  i t  p r e s s e d  
t h i s  down a n d  f ro m  h e r e  a n o t h e r  s t r a n d  o f  s i l k  i s s u e d ,  
w h ic h  w as t a k e n  to w a r d s  t h e  f e c e s  m esh an d  c e m e n te d .
The c o n t i n u a t i o n  o f  t h i s  t h r e a d  w as b r o u g h t  b a c k  a t  a b o u t  
a n  a c u t e  a n g l e  a n d  c e m e n te d  on  t h e  s i d e  ( o f  t h e  g l a s s ) .
The f i n a l  s t r a n d  f ro m  t h i s  p a p i l l a  w as t a k e n  a c r o s s  a n d  
c e m e n te d  t o  t h e  p o i n t  w h ere  t h e  d ro p  o f  s e c r e t i o n  a p p e a r e d .  
T h i s  s e c r e t i o n  h ad  h a r d e n e d  a n d  becom e o p a q u e ,  g i v i n g  
t h e  a p p e a r a n c e  o f  a  s m a l l  b e a d .  A l l  t h i s  w h i l e ,  t h e  
s i l k  f ro m  t h e  r i g h t  p a p i l l a  w as t r a i l i n g  b e h i n d ,  a p p a r e n t l y  
l e n g t h e n i n g  a s  w e l l .  The l a r v a  t h e n  c r o s s e d  o v e r  t h e  
f i n a l l y  f i x e d  s i l k  s t r a n d ,  b e n t  b a c k w a rd s  v e n t r a l l y  
f o r m in g  a  "U’’ , a n d  p r o c e e d e d  t o w a r d s  t h e  p o s t e r i o r  t h r o u g h  
t h i s  l o o p ,  i t s  a n t e r i o r  v e n t r a l  h a l f  o f  t h e  b o d y  b e i n g  
d i r e c t e d  u p w a rd s  now. I t  t h e n  c e m e n te d  t h e  t h r e a d  a t  
a  p o i n t ,  t h e  d i s t a n c e  b e tw e e n  t h i s  p o i n t  a n d  t h e  lo o p
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a p p e a r e d  e q u a l  t o  t h a t  b e tw e e n  t h e  lo o p  a n d  t h e  f i r s t  
p o i n t  c e m e n te d  on t h e  s i d e  o f  t h e  t u b e .  The l a r v a  moved 
i t s  w hole  l e n g t h  t h r o u g h  and  when t h e  a n a l  hooks  j u s t  
p a s s e d  t h e  l o o p ,  i t  g a t h e r e d  f e c e s  an d  o t h e r  p a r t i c l e s  
a v a i l a b l e  h e r e  w i th  t h e  f r o n t  p a i r  o f  l e g s  an d  m outh 
p a r t s ,  a n d  made a  m eshw ork , a  s t r a n d  i s s u i n g  f ro m  t h e  
l e f t  p a p i l l a  f ro m  o r i g i n .
P r o b a b l y  t h e  lo o p  so made fo rm s  t h e  m outh o f  t h e  
co c o o n , w h ich  may b e  b r o k e n  by  t h e  a d u l t  f i r s t .  I n  
a d d i t i o n ,  f ro m  lo n g  p a r a l l e l  s t r a n d s  l a y e d  one a c r o s s  t h e  
f l o o r ,  a n d  a n o t h e r  a  l i t t l e  h i g h e r  up on  t h e  s i d e ,  v e r t i c a l  
s t r a n d s  a r e  l a y e d  down a t  i n t e r v a l s  b y  t h e  p a p i l l a  m oving 
up an d  dovm. a t  r e g u l a r  i n t e r v a l s ,  f i x i n g  s i l k  a t  t h e  same t im e .  
The u l t i m a t e  s t r u c t u r e  so made r e s e m b l i n g  a  l a d d e r ,  done 
l e n g t h w i s e  on e i t h e r  s i d e .  H ere  a g a i n  i n  b u i l d i n g  t h e  
r o o f  t h e  abdomen i s  r a i s e d ,  c u r v e d  up fro m  b e h i n d ,  and  t h e  
a n a l  hooks  l y i n g  d i r e c t l y  above  t h e  m e ta t h o r a x  c l i n g  on 
t o  t h e  s t r a n d s  o f  s i l k  l a y e d  down on t h e  s l o p e s  o f  t h e  
r o o f ,  a n d  t h e s e  a r e  j o i n e d  by  m ore s m a l l e r  c r o s s  s t r a n d s .  
F i n a l l y  t h e  sum m it i s  a l s o  in t e r w o v e n  w i th  s i l k  s t r a n d s ,  
t h e  l a r v a  l y i n g  m ore o r  l e s s  on  i t s  d o r s a l  s i d e ,  b u t  
hooked  t o  t h e  s i d e  o f  t h e  c o c o o n , when i t  b u i l d s  t h e  r o o f .
At i n t e r v a l s  i t  k e e p s  t h r u s t i n g  t h e  h ead  i n t o  t h e  
p r o t h o r a x ,  w h ich  p r o b a b l y  h e l p s  t o  d e r i v e  more s i l k  
t h r o u g h  t h e  p a p i l l a e ,  when t h e  p o s t e r i o r  s e g m e n ts  a r e  
a l s o  f o r c e d  to w a r d s  t h e  p r o t h o r a x .
I n  C. f e r r u g i n e u s  a  num ber o f  s t r a n d s  w ere  d i s t i n c t l y  
s e e n  t o  o r i g i n a t e  f ro m  t h e  p a p i l l a e ,  w h ic h ,  em erge a s  a  
s i n g l e  ± r a n d  a b o u t  t h e  d i s t a n c e  o f  t h e  f i r s t  p a i r  o f  l e g s ,  
t h e  m outh p a r t s  a l s o  a i d i n g  i n  u n i t i n g  t h e  s t r a n d s  t o  a  
s i n g l e  t h r e a d .  B ut t h i s  i s  n o t  a lw a y s  n o t i c e a b l e .
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The c h a r a c t e r i s t i c  s m e a r in g  o f  t h e  o p aq u e  s u b s t a n c e  
b y  C. t u r c i c u s  was n e v e r  s e e n  h e r e .  The l a r v a  b ec o m es  a  
p r e p u p a  i n  t h e  u s u a l  m a n n e r .
p i s c u s s i o n . I t  i s  a p p a r e n t  t h a t  C. t u r c i c u s  i s  a b l e  
t o  s p i n  a  p e r f e c t  c o c o o n ,  w h i l e  G. f e r r u g i n e u s  c o n s t r u c t s  
m ore  o r  l e s s  a  cham ber b y  j o i n i n g  p a r t i c l e s  o f  f o o d ,  f e c e s  
e t c . ,  w i th  a  m eshw ork  o f  s i l k  s t r a n d s ;  o r  may m e r e l y  
s u c c e e d  i n  k e e p in g  o f f  f l o u r  f ro m  t h e  ch am b er  b y  m eans 
o f  a  m ore c o m p l i c a t e d  m eshw ork  o f  s t r a n d s .
G. t u r c i c u s  a l m o s t  a lw a y s  b u i l d s  a  c o c o o n  a n d  t h i s  
i s  a d v a n t a g e o u s  i n  f l o u r :  e v e n  i f  f l o u r  c o l l a p s e s  t h e  c o c o o n  
r e m a i n s  i n t a c t ;  w h i l e  i n  G. f e r r u g i n e u s  d i s t u r b a n c e  o f  
t h e  f l o u r  e a s i l y  m akes t h e  c o c o o n  c o l l a p s e ,  t h u s  f a l l i n g  
on  t h e  q u i s c e n t  p r e p u p a  o r  p u p a .  T h i s  h a s  b e e n  o b s e r v e d  
i n  t h e  c u l t u r e s  v e r y  o f t e n  w hen t h e  c o c o o n  i s  b u i l t  among 
t h e  f i n e r  p a r t i c l e s  o f  t h e  m edium . I f  p r e p u p a e  o r  p u p a e  
r e m a in  f r e e  i n  f l o u r  t h e y  a r e  m ore d i r e c t l y  s u b j e c t  t o  
a n y  a d v e r s e  c o n d i t i o n s  o f  t e m p e r a t u r e  a n d  h u m id i ty ,  and  
a r e  a l s o  e x p o s e d .  H ence G. t u r c i c u s  h a s  a  g r e a t  a d v a n ta g e  
o v e r  G. f e r r u g i n e u s  when l i v i n g  i n  f l o u r  o r  o t h e r  f o o d  w i t h  
f i n e  p a r t i c l e s ,  o f  s p i n n i n g  a  p r o p e r  c o c o o n .  The f e w e r  an d  
w e a k e r  c o c o o n s  made b y  G. f e r r u g i n e u s  w i l l  n o t  b e  o f  much 
u s e  i n  f l o u r ,  i f  t h e  i n s e c t  d o e s  n o t  g e t  a  c o n t i n u o u s  
s o l i d  s u r f a c e  su c h  a s  t h e  ed g e  o f  a  c o n t a i n e r ,  t o  u s e  a s  
a  b a s e  w h i l e  c l e a r i n g  t h e  f l o u r .  From t h i s ,  G. f e r r u g i n e u s  
may f i n d  i t  e a s i e r  t o  c o n s t r u c t  a  c o c o o n ,  m a k in g  u s e  o f  
l a r g e  p a r t i c l e s ,  b e tw e e n  w h ich  i t  c a n  make a  m eshw ork , 
a n d  f ro m  w h ich  i t  c a n  e m e rg e ,  b y  b r e a k i n g  t h e  t h r e a d s ,  
w i t h o u t  much d i f f i c u l t y .
I n  b o t h  G. t u r c i c u s  a n d  G. f e r r u g i n e u s  t h e  b u i l d i n g
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p h a s e  o f  t h e  l a r v a  may b e  d i v i d e d  i n t o  t h r e e  p h a s e s ,  
w h ich  a r e  ( 1 )  s i t i n g  -  when a  p l a c e  t o  fo rm  a  c o c o o n  i s  
s e a r c h e d  f o r ,  a n d  v/hen fo u n d  i t  i s  c l e a r e d .  ( 2 )  S p i n n i n g  
( C. t u r c i c u s ) o r  c o n s t r u c t i n g  ( G. f e r r u g i n e u s ) -  when t h e  
c o c o o n  i s  a c t u a l l y  b u i l t ,  a n d  f i n a l l y  ( 3 )  S e c u r i n g  -  when 
t h e  l a r v a  g o e s  r o u n d  t h e  c o c o o n  o n c e  i t  i s  b u i l t  a n d  
m ends a n y  h o l e s  l e f t ,  o r  s t r e n g t h e n s  c e r t a i n  p o i n t s  w i th  
a d d i t i o n a l  s t r a n d s  o f  s i l k .  I n  G. t u r c i c u s  t h i s  l a s t  i s  
a l s o  e f f e c t e d  b y  s m e a r in g  t h e  o p a q u e  s u b s t a n c e ,  w h ic h  i s  
a l s o  c o n t i n u e d  on  t h e  f l o o r  o f  t h e  c o c o o n .  The a c t u a l  
d u r a t i o n  o f  e a c h  p h a s e  w as n o t  d e t e r m i n e d ,  b u t  t h e  
o c c u r e n c e  o f  t h e  t h r e e  p h a s e s  i s  b a s e d  on  o b s e r v a t i o n s  
made on  a b o u t  a  h u n d re d  s p e c im e n s  o f  e a c h  s p e c i e s .
SECTION X I
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Some O b s e r v a t i o n s  on  L o c o m o t io n .
C. t u r c i c u s  i s  s l u g g i s h  i n  movem ent c o m p ared  w i th
C. f e r r u g i n e u s . I t  h a s  b e e n  o b s e r v e d  t h a t  when a  s p e c im e n
t u b e  c o n t a i n i n g  some b e e t l e s  an d  f o o d  i s  t i l t e d
0 .  f e r r u g i n e u s  v i r t u a l l y  r a c e s  down t h e  s l o p e  a n d  f a l l s  
down. B u t C. t u r c i c u s  a l t h o u g h  i t  d o e s  come down t h e  
i n c l i n e ,  m ore o f t e n  c l i n g s  on  t o  p a r t i c l e s  o f  f o o d ,  o r  
e v e n  on  o c c a s i o n s  g o e s  up t h e  i n c l i n e .  When com ing  down 
t h e  i n c l i n e  i t  m oves s l o w l y  a s  i f  c a u t i o u s l y .  I t  i s  
p o s s i b l e  t h a t  i n  Q. t u r c i c u s  t h e  p e r c e p t i o n  o f  t a c t i l e  
s t i m u l u s  i s  b e t t e r  e f f e c t e d  by  t h e  t a r s i  o r  v e n t r a l  
s u r f a c e  o f  t h e  b o d y ,  a s  a g a i n s t  t h a t  d u e  t o  g r a v i t y ,  
r e s u l t i n g  i n  b e i n g  o v e rp o w e re d  by  " s t e r i o k i n e s i s " .
H owever t h i s  i s  e a s i l y  o v e rc o m e , when t h e  t u b e  i s  h e l d ,  
t h e  c l o s e d  e n d  n e a r  an  e l e c t r i c  la m p . I t  o f t e n  h u r r i e s  
down and  f a l l s  o u t  o f  t h e  t u b e .  T h i s  i s  t h o u g h t  t o  b e  
d ue  t o  t h e  h e a t  f ro m  t h e  lam p r a t h e r  t h a n  l i g h t ,  s i n c e  
i t  o c c u r s  o n l y  when t a k e n  v e r y  c l o s e  t o  t h e  la m p . However 
C. f e r r u g i n e u s  h a s  o f t e n  b e e n  o b s e r v e d  c l i m b i n g  v e r t i c a l l y  
u p w a rd s  a l o n g  t h e  e d g e s  o f  t h e  s i e v e ,  w e l l  a g a i n s t  
g r a v i t y , a n d  se ld o m  d o e s  G. t u r c i c u s  do t h i s .
When s i e v i n g  f l o u r  c o n t a i n i n g  t h e  b e e t l e s ,  a f t e r  
t h e  i n i t i a l  two o r  t h r e e  s t r o k e s  o f  s i e v i n g ,  a l l  
C. f e r r u g i n e u s  g e t  r o l l e d  t o  an d  f r o ,  and  t h e  moment 
i t  i s  s t o p p e d  t h e y  r u s h  away i n  a l l  d i r e c t i o n s .  B ut 
C. t u r c i c u s  a p p e a r s  a s  s m a l l  d a r k  p a t c h e s ,  i n  t h e  
c e n t r e  o f  t h e  s i e v e  a s  t h e  f l o u r  l e s s e n s  i n  t h e  s i e v e .  
I m m e d i a t e ly  a ro u n d  i t  f l o u r  r e m a i n s ,  a s  i f  t h e  i n s e c t  
i s  c l i n g i n g  on  t o  t h e  s i e v e ,  w h i l e  t h e  b e n d s  an d  g a p s  
b e tw e e n  i t s  b o d y  a n d  l e g s  a r e  f i l l e d  w i t h  f l o u r .  They
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r e m a in  i n  t h i s  p o s i t i o n  a  few  s e c o n d s  a f t e r  t h e  s i e v i n g  
h a s  d ro p p ed , g r a d u a l l y  f r e e  t h e i r  l e g s  f ro m  t h e  f l o u r  
b e tw e e n  th e m  and  em erge  f ro m  t h e  h eap  o f  f l o u r  a n d  move 
t o w a r d s  t h e  p e r i p h e r y  o f  t h e  s i e v e .  A l th o u g h  a  fe w  
r e m a in  f r e e  a n d  do n o t  b e h a v e  i n  t h i s  m a n n e r .  W h e th e r  
t h i s  i s  e f f e c t e d  b y  t h e  body  b e i n g  p r e s s e d  t o  t h e  
s u b s t r a t e  o r  c h i e f l y  b y  c l i n g i n g  w i t h  t h e  l e g s  i s  n o t  
c l e a r ,  b u t  f ro m  t h e  f a c t  t h a t  s i e v i n g  i s  d o n e  w i t h  some 
f o r c e ,  i t  i s  p o s s i b l e  i t  r e m a i n s  d u e  t o  c l i n g i n g .  B r i e f  
e x a m i n a t i o n  o f  t h e  c l a w s  show ed no m a rk e d  d i f f e r e n c e s  
b e tw e e n  t h o s e o f  t h e  tw o s p e c i e s .
An i n t e r e s t i n g  b e h a v i o u r  w as o b s e r v e d  i n  C. t u r c i c u s . 
When t h e  m a le  i s  l y i n g  on  i t s  b a c k  g e n t l e  p r e s s u r e  on  t h e  
abdom en c a u s e s  i t  t o  jump aw ay, s t i l l  f a c i n g  u p w a rd s  i n  
a  v e r y  s l i g h t  s l o p e ,  m ore o r  l e s s  h o r i z o n t a l  and  i t  f a l l s  
a b o u t  t h r e e  i n c h e s  f ro m  t h e  o r i g i n a l  p l a c e .  G e n e r a l l y ,  
i t  a l i g h t s  on  i t s  v e n t r a l  s u r f a c e .  J u s t  b e f o r e  t a k e - o f f  
i t  f o l d s  i t s  a n t e n n a e  b a c k w a r d s  a g a i n s t  i t s  bo d y  a n d  
a p p e a r s  t o  r a i s e  i t s  t h o r a x  r e g i o n ,  t h e  l a t t e r  p r o b a b l y  
l i k e  t h e  s k i p  j a c k - a n  e l a t e r i d  b e e t l e ,  w h i l e  p r e s s i n g  
t h e  b a s a l  en d  o f  t h e  a n t e n n a e  a g a i n s t  t h e  f l o o r .  The l e g s  
a r e  n e a t l y  f o l d e d  a g a i n s t  t h e  b o d y .  The e l a t e r i d  a s su m e s  
s i m i l a r  p o s t u r e  b u t  jum ps v e r t i c a l l y  u p w a rd s .
F e m a le s  r e a c t e d  i n  a  s i m i l a r  way t o  t h e  m a le s  b u t  
t h e  d i s t a n c e  c o v e r e d  was v e r y  much l e s s .  The b e t t e r  
p e r f o r m a n c e  o f  t h e  m a le  m ig h t  be  d ue  t o  i t s  g r e a t e r  
s i z e  o r  i t s  l o n g e r  a n t e n n a e .  More t h a n  t e n  i n s e c t s  w e re  
t r e a t e d  i n  t h e  m a n n er  d e s c r i b e d ,  an d  a l l  r e a c t e d  w i t h o u t  
e v e n  a n  e x c e p t i o n .
A bout t e n  0 .  f e r r u g i n e u s  a d u l t s  w ere  t h e r e f o r e  t r e a t e d
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l i k e w i s e ,  an d  t h e  m a le s  r e a c t e d  i n  t h e  same way a s  t h o s e  
o f  C. t u r c i c u s , b u t  a l m o s t  a lw a y s  f a l l i n g  on  t h e  v e n t r a l  
s i d e .  I t  w as fo u n d  d i f f i c u l t  t o  t r e a t  t h e  f e m a l e  
C. f e r r u g i n e u s  i n  t h i s  m a n n e r ,  s i n c e  t h e y  a l m o s t  a lw a y s  
e x t e n d e d  t h e  g e n i t a l i a  e v e n  when t h e  abdom en was g e n t l y  
p r e s s e d .  I t  may b e  t h a t  t h e y  do n o t  e x h i b i t  t h e  
ju m p in g  m ovem ent a t  a l l .
I n  many m a le s  o f  t h e  s u b - f a m i l y  L a e m o p h lo e in a e  
( e x c l u d i n g  C. t u r c i c u s  a n d  Q. f e r r u g i n e u s ) ,  p e c u l i a r  
s t r u c t u r e s  on  t h e  s c a p e  o f  t h e  a n t e n n a  have  b e e n  d e s c r i b e d  
b y  L e f k o v i t c h  ( 1 9 5 8 ) .  S i n c e  i n  t h e  p r e s e n t  i n s t a n c e  t h e  
i n s e c t s  p r e s s  t h e  b a s a l  r e g i o n  o f  t h e  a n t e n n a  j u s t  
b e f o r e  ju m p in g ,  t h e s e  s t r u c t u r e s  o r  h o r n s  w h ich  a r e  i n  
a  s i m i l a r  o r  c o r r e s p o n d i n g  p o s i t i o n ,  may w e l l  b e  u s e d  
t o  l e v e r  f o r  ju m p in g  i f  l a t t e r  o c c u r s  i n  t h o s e  w h ic h  
p o s s e s s  t h e  h o r n s .
The movem ent o f  i n s e c t s  t h r o u g h  t h e  m edium , o f t e n  
l e a v e  b e h i n d  t r a c e s  o f  i t  i n  t h e  c a s e  o f  G. f e r r u g i n e u s . 
T h i s  i s  i n  t h e  fo rm  o f  t u n n e l s ,  w h ic h  c a n  b e  s e e n  i n  th e  
c u l t u r e s ,  a t  t h e  b o t to m  o f  t h e  j a r  w h e re  f i n e  p a r t i c l e s  
a c c u m u l a t e ,  an d  i n  t h e  e x p e r i m e n t s  w i t h  s i n g l e  i n s e c t s  
i n  t u b e s  c o n t a i n i n g  f l o u r .  T h e s e  t u n n e l s  a r e  n o t  
g e n e r a l l y  s e e n ,  w h ere  G . t u r c i c u s  i s  f o u n d .
On t h e  w h o le ,  i t  a p p e a r s  t h a t  G. t u r c i c u s  w o u ld  be  
a b l e  t o  r e s i s t  c l e a n i n g  m e th o d s  a d o p t e d  i n  m i l l s ,  
e s p e c i a l l y  d ue  t o  t h e i r  b e h a v i o u r ,  r e s e m b l i n g  c l i n g i n g  
o r  r e m a i n i n g  i n  c o n t a c t  w i t h  t h e  s u b s t r a t e .  T h i s  h a b i t  
w o u ld  e n a b l e  th e m  t o  d e f y  a n  a i r  b l a s t  i f  t h e  l a t t e r  
i s  o n l y  s u p e r f i c i a l  and  m ore  s o ,  i f  t h e  a i r  b l a s t  w ere  
t o  r e a c h  w i t h i n  c r e v i c e s ,  w h ere  t h e s e  may b e  f o u n d .
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G. f e r r u . â n e u s  w o u ld  e a s i l y  g e t  b lo w n  o r r .  A ls o  v/beii 
i n s e c t i c i d e : , -  i s  u s e d  t o  g e t  r i d  o f  p e s t s ,  G. f e r r u f - ; i n e u s , 
due t o  i t s  m ore a c t i v e  b e h a v i o u r  w o u ld  p r o b a b l y  g e t  i n  
c o n t a c t  w i t h  m ore i n s e c t i c i d e  t h a n  w o u ld  G* t u r c i c u s .
T h i s  may b e  t h e  r e a s o n  why G. t u r c i c u s  i s  f o u n d  
m o s u ly  i n  t h e  m i l l  v ;here  a t  l e a s t  some c a n  r e m a i n  i n  
p a r t s  i n a c c e s s i b l e  t o  n o rm a l  c l e a n i n g .
I t  i s  i n t e r e s t i n g  t h a t  G. t u r c i c u s  r e m a i n s  on  a  
p i e c e  o f  p a p e r  when i t  i s  d r o p p e d  on i t  w i t h  f l o u r  a n d  
t h e  l a t t e r  g e n t l y  t a p p e d  away s l a n t i n g  t h e  p a p e r ,  b u t  
G. f e r r u , ; i n e u s  i s  re m o v e d  b y  t h i s  method . I t  may b e  
t h a t  t h e  b e h a v i o u r  e s p e c i a l l y  o f  G* u u r c i c u s  p l a y s  a n  
i m p o r t a n t  r o l e  i n  d e t e r m i n i n g  i t s  d i s t r i b u t i o n .
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H u m id i ty  R e a c t i o n s  and  P r e f e r e n c e .
D e v e lo p m e n ta l  s t u d i e s  r e v e a l e d  t h a t  a t  t h e  h i g h e r  
h u m id i ty  (80% ), t h e  eg g  t o  a d u l t  p e r i o d  w as  s h o r t e r  t h a n  
a t  t h e  lo w e r  h u m id i ty  (60% ), w h ic h  show ed t h a t  h u m id i ty  
a f f e c t s  t h e  l e n g t h  o f  t h e  d e v e l o p m e n t a l  p e r i o d .  T h e r e f o r e  
b r i e f l y ,  t h e  r e a c t i o n s  o f  t h e  b e e t l e s  t o  h u m id i ty  w ere  
e x a m in e d .
M ethod  f o r  E x p e r im e n t  I .
B a s i c a l l y  t h e  a p p a r a t u s  c o n s i s t e d  o f  a n  " a l t e r n a t i v e  
c h a m b e r"  o r  " c h o i c e  ch a m b er"  o f  Gunn a n d  K ennedy  ( 1 9 5 6 ) .
A s m a l l  p l a s t i c  b o x  5 * 5 "  x  2 . 5 "  x  1 " ,  w i t h  an  i n n e r  p e r ­
f o r a t e d  s h e l f  was d i v i d e d  i n t o  two b y  a  s t r i p  o f  p e r s p e x  
a c r o s s  t h e  o u t s i d e  o f  t h e  f l o o r  o f  t h e  p e r f o r a t e d  s h e l f .
The p a r t i t i o n  was v a s e l i n e d  a l o n g  t h e  j o i n t s .  Two s t r i p s  
o f  p e r s p e x  w ere  p l a c e d  a t  t h e  s i d e s  o f  t h e  s h e l f  t o  a v o i d  
a n y  s e e - s a w  e f f e c t . A g l a s s  d i s h  w as p l a c e d  i n  e a c h  h a l f ,  
j u s t  b e lo w  t h e  s h e l f .  A p e r f o r a t e d  z i n c  s h e e t  c o v e r e d  
w i t h  f i n e  m u s l i n  w as f i t t e d  t o  t h e  f l o o r  o f  t h i s  s h e l f ,  
t o  s e r v e  a s  a  p l a t f o r m  f o r  t h e  i n s e c t s .  A p i e c e  o f  p e r s p e x  
w i th  a  c e n t r a l  h o le  w as u s e d  t o  c o v e r  t h e  a p p a r a t u s .  T h i s  
w as so p l a c e d  t h a t  t h e  h o l e  was r i g h t  i n  t h e  c e n t r e .  A 
g l a s s  c o v e r s l i p  was u s e d  t o  c o v e r  t h e  c e n t r a l  h o l e .  E ach  
c o v e r  w as v a s e l i n e d  w e l l .
The a p p a r a t u s  was l e f t  f o r  a  fe w  d a y s  i n  a  c o n s t a n t  
t e m p e r a t u r e  room  m a i n t a i n e d  a t  2 5 ^ C, t o  r e a c h  e q u i l i b r i u m  
t e m p e r a t u r e .  The p o t a s s i u m  h y d r o x i d e ,  d i s t i l l e d  w a t e r  
a n d  s a l t  s o l u t i o n s  u s e d  w e re  l e f t  o v e r n i g h t  a t  t h e  same 
t e m p e r a t u r e ,  and  i n t r o d u c e d  t o  t h e  a p p a r a t u s  a b o u t  two
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h o u r s  b e f o r e  t h e  s t a r t  o f  t h e  e x p e r i m e n t .  A d u l t s  r e a r e d  
a t  28^  C a n d  75% R*H. w e re  p l a c e d  i n  f l o u r  a n d  l e f t  a t  
2 5 ^ C an d  75% R*H. f o r  t w e n t y - f o u r  h o u r s  p r i o r  t o  t h e  
e x p e r i m e n t .
A p r e l i m i n a r y  e x p e r im e n t  show ed t h a t  t h e  i n s e c t s  
r e a c t e d  q u i c k l y  a n d  came t o  r e s t  s o o n  i n  t h e  c h a m b er ,  
t h e r e f o r e  r e a d i n g s  w ere  t a k e n  d u r i n g  t h e  f i r s t  h a l f -  
h o u r  o r  h o u r  a f t e r  i n t r o d u c i n g  t h e  b e e t l e s .
I n  E x p e r im e n t  I ,  s o l i d  p o t a s s i u m  h y d r o x id e  w as u s e d  
i n  one d i s h  and  d i s t i l l e d  w a t e r  i n  t h e  o t h e r  t o  p r o v i d e  
d r y  a n d  w e t h a l v e s  r e s p e c t i v e l y  i n  t h e  c h a m b e r .  T h ro u g h  
t h e  h o le  on  t h e  p e r s p e x  c o v e r  t w e l v e  i n s e c t s  w ere  r e l e a s e d ,  
a n d  t h e  num ber o f  i n s e c t s  i n  t h e  w e t a n d  d r y  h a l v e s  and  
i n  t h e  m id d le  zone  ( o n e  c e n t i m e t r e  on  e ach  s i d e  o f  t h e  
m id d l e  l i n e )  w ere  t a k e n  a t  two m in u te  i n t e r v a l s  f o r  
t h i r t y  m i n u t e s .  T hen  t h e  t r a y  was t u r n e d  t h r o u g h  180^ 
a n d  t h e  d i s h e s  i n t e r c h a n g e d  t o  a v o i d  a n y  d i f f e r e n c e s  i n  
t h e  c h a m b e r ,  o t h e r  t h a n  r e l a t i v e  h u m i d i t y ,  a n d  t h e  e x p e r im e n t  
was r e p e a t e d .
R e s u i t s .
The a d u l t s  o f  G. f e r r u g i n e u s  w e re  on  t h e  w h o le  f a i r l y  
a c t i v e  t h r o u g h o u t ,  a l t h o u g h  t h e y  came t o  r e s t  s o o n e r  o r  
l a t e r  on  t h e  d r y  s i d e .  As s o o n  a s  t h e y  w ere  r e l e a s e d  t h e y  
p a u s e d  f o r  a  fe w  s e c o n d s  an d  t h e n  p r o c e e d e d  i n  e i t h e r  
d i r e c t i o n ,  b u t  m o s t  o f  t h o s e  w h ich  w en t t o w a r d s  t h e  w et 
s i d e  t u r n e d  b a c k  s o o n ,  w a n d e re d  i n  t h e  m id d le  zo n e  an d  
came t o  r e s t  i n  t h e  d r y  z o n e .  O c c a s i o n a l l y  t h o s e  i n  t h e  
d r y  zo n e  w o u ld  go t o  t h e  m id d le  a n d  t h o s e  i n  t h e  m id d le
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t o w a r d s  t h e  v ;e t .  T hey  n e v e r  a p p e a r e d  t o  come t o  r e s t  i n  
t h e  w e t z o n e .  On a p p r o a c h i n g  t h e  w e t zo n e  t h e y  g e n e r a l l y  
t u r n e d  r o u n d ,  b u t  o c c a s i o n a l l y  b e e t l e s  r e m a in e d  c i r c l i n g  
i n  t h i s  zone  f o r  a  t i m e .  The r e a d i n g s  a r e  g i v e n  i n  t a b l e  XIV
The a d u l t s  o f  0 .  t u r c i c u s , a l m o s t  a s  so o n  a s  t h e y  w ere  
d r o p p e d  on  t h e  p l a t f o r m ,  n e a r l y  a l l  moved to w a r d s  t h e  d r y  
s i d e .  A f t e r  a  w h i l e  some o f  th e m  w en t t o w a r d s  t h e  w et 
z o n e ,  i n v a r i a b l y  g o in g  a l o n g  one way and  r e t u r n i n g  t h e  
o t h e r  i n  a  "U ", b u t  some r e m a in e d  i n  t h e  m id d le  zone f o r  
a  l o n g e r  t i m e .  More t h a n  t h r e e - q u a r t e r s  o f  them  w ere  
a lw a y s  i n  t h e  d r y  s i d e .
Two b r i e f  e x p e r i m e n t s  w ere  c a r r i e d  o u t  i n  t h e  
a l t e r n a t i v e  c h a m b e r ,  m a k in g  o b s e r v a t i o n s  on  t h e  i n s e c t s ,  
w h i l e  no  r e a d i n g s  w e re  t a k e n .
1 .  I n s t e a d  o f  p o t a s s i u m  h y d r o x id e  a n d  d i s t i l l e d  
w a t e r  i n  t h e  d i s h e s  s a t u r a t e d  s o l u t i o n s  o f  c a l c i u m  c h l o r i d e  
a n d  b a r iu m  c h l o r i d e  w e re  u s e d ,  w h ich  p r o v i d e  r e l a t i v e  
h u m i d i t i e s  o f  55% and  88% r e s p e c t i v e l y  a t  25^ C. I n s e c t s  
w ere  i n t r o d u c e d  a s  i n  e x p e r i m e n t  I ,  and  t h e y  b e h a v e d  i n
a  s i m i l a r  w ay, t o w a r d s  t h e  d r y  a n d  w e t z o n e s .  The l i m i t s  
o f  t h e  g r a d i e n t  i n  t h i s  e x p e r i m e n t  w o u ld  b e  lo w e r  t h a n  
t h o s e  o b t a i n a b l e  f ro m  p o t a s s i u m  h y d r o x id e  and d i s t i l l e d  
w a t e r .  From t h i s  e x p e r im e n t  t h e  p o s s i b i l i t y  t h a t  t h e  
i n s e c t s  w ere  a t t r a c t e d  n o t  t o  t h e  d r y  s i d e  i n  e x p e r i m e n t  
I ,  b u t  t o  t h e  p o t a s s i u m  h y d r o x id e  c a n  be r u l e d  o u t .
2 .  A u n i f o r m  h u m id i ty  w as p r o v i d e d  i n  t h e  cham ber 
b y  u s i n g  s a t u r a t e d  s o l u t i o n  o f  so d iu m  c h l o r i d e  i n  b o t h  
d i s h e s .  The i n s e c t s  when i n t r o d u c e d ,  s c a t t e r e d  a n d  
t e n d e d  t o  go t o w a r d s  t h e  ed g e  of t h e  m u s l i n  r a t h e r  t h a n
Table XIV. P o s i t io n s  of In s e c ts  in th e A lte rn a tiv e Chamber
l a
Taken
a t  "5fo Minute I n te r v a ls fo r  60 M inutes fo r  each S p ec ie s .
C. fe rru g in o u s C. tu r c ic u s
TiLie, in  m inutes wet m iddle dry wet middle dry
2 2 0 10 1 1 10
4 2 2 8 0 1 11
6 1 2 9 1 1 108 1 7 4 2 1 9
10 0 6 6 2 1 9
12 3 4 5 1 2 9
14 2 5 5 2 1 9
16 3 5 4 2 1 9
18 1 3 8 1 0 11
20 3 3 6 0 0 12
22 2 3 7 0 1 11
24 0 5 7 0 1 11
26 1 2 9 1 0 11
28 0 4 8 0 0 12
30 0 3 9 0 1 11
T o ta l 21 54 105 13 12 155
Tray tu rn e d  
th rough  180^, 
and d ish e s  
in te rch a n g ed
2 1 3 8 4 3 5
4 0 3 9 4 1 7
6 1 2 9 4 0 8
8 0 3 9 2 0 10
10 3 3 6 2 1 9
12 4 4 4 0 1 11
14 2 5 5 1 0 11
16 2 4 6 0 0 12
18 1 6 5 0 1 11
20 2 4 6 0 1 11
22 0 6 6 0 1 11
24 2 5 5 0 0 12
26 1 6 5 0 2 10
28 1 6 5 0 1 11
30 0 7 5 1 1 10
T o ta l 20 61 93 18 13 149
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in  any o th er  d ir e c t io n .
T herefore in  the two experim ents where a d if fe r e n c e  
in  hum idity was p rov id ed , th e  in s e c t s  r e a c t  to  th e  
stim u lu s  ( o f  hum idity) by go in g  tow ards th e  dry s id e ,  
i f  n o t , a v o id in g  sa tu r a t io n , and t h i s  i s  more marked 
in  C. t u r c ic u s .
In th e  a l t e r n a t iv e  chamber, s in c e  both C. tu r c ic u s  
and C. ferru g in o u s  move about a t random in  th e  m iddle  
zone and come to  r e s t  in  th e  dry zone at’ th e  g r a d ie n t, 
th ey  p rob ab ly  e x h ib it  o r th o k in e s is ,  w h ile  t h e ir  tu rn in g  
movements which in c r e a se d  on rea ch in g  the wet s id e ,  which 
was more marked in  Q. tu r c ic u s  may in d ic a te  th a t  th ey  are  
d e c id e d ly  k l in o k in e t i c . The more d ir e c t io n a l  movement 
o f  0 . t u r c ic u s , in  ru sh in g  s t r a ig h t  tow ards th e  dry 
zone s u g g e s ts  th ey  are k l in o t a c t i c .  Although some 
in d iv id u a ls  d id  rem ain in  th e o th er  zon es, i t  may be 
th a t  C. tu r c ic u s  i s  among th e  few  in s e c t s  which e x h ib it  
k l in o t a x i s .  An in te r a c t io n  o f  th e s e  re sp o n ses  would 
p robably  b rin g  them tov/ards th e dry s id e ,  and t h i s  i s  more 
pronounced fo r  G. t u r c ic u s .
Method fo r  Experim ents I I  and I I I .
A w ider g rad ien t o f  hum idity was p rov id ed  in  th e se  
experim ents by in c r e a s in g  th e  le n g th  o f th e chamber. A 
lon g  tr a y  11^  ^ x  1 .9"  x  1 .9"  was made from th ic k  aluminium  
f o i l .  A c ir c u la r  h o le  was cut a t each end o f i t s  f lo o r  
and s l i t s  made r a d ia l ly  away from th e  cut ends. The 
s e c to r s  were fo ld e d  outw ards, and a specim en tube f i t t e d  
to  th e  hole from th e o u ts id e . The s e c to r s  were fo ld e d
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a g a i n s t  t h e  t u b e  a n d  t h e  j o i n t s  v a s e l i n e d  w e l l .  A 
p e r f o r a t e d  z i n c  s h e e t  c o v e r e d  w i t h  m u s l i n  was f i t t e d  
t o  t h e  i n s i d e  o f  t h e  t r a y ,  a s  i n  t h e  p r e v i o u s  e x p e r i m e n t .  
Two p e r s p e x  c o v e r s  f o r  t h e  t r a y  w e re  m ade; one  w i t h  f i v e  
h o l e s  i n  t h e  c e n t r e  o f  e a c h  o f  t h e  f i v e  e q u a l  d i v i s i o n s  
m a rk e d  w i t h  c h i n a g r a p h ,  a n d  t h e  o t h e r  w i t h  f o u r  h o l e s  i n  
t h e  c e n t r e  o f  f o u r  e q u a l  d i v i s i o n s .  The h o l e s  w ere  
c o v e r e d  w i t h  c o v e r s l i p s .  A l l  j o i n t s  w e re  t h o r o u g h l y  
v a s e l i n e d .
E x p e r im e n t  I I .
By u s i n g  s o l i d  p o t a s s i u m  h y d r o x id e  i n  one t u b e ,  
a n d  d i s t i l l e d  w a t e r  i n  t h e  o t h e r ,  a  g r a d i e n t  o f  h u m id i ty  
b e tw e e n  0% a n d  100% w as o b t a i n e d .  H ow ever a t  t h e  m o i s t  
en d  t h e  r e l a t i v e  h u m id i ty  was f o u n d  b e tw e e n  95 an d  100%, 
b u t  n e a r e r  t h e  l a t t e r .  The h u m i d i t y  i n  t h e  ch a m b er  was 
c o n s i d e r e d  i n  g r a d i e n t s  o f  t w e n t y  p e r  c e n t  e a c h  f ro m  0% 
t o  100% R .H . t o  c o r r e s p o n d  w i th  t h e  f i v e  e q u a l  d i v i s i o n s  
on  t h e  p e r s p e x  c o v e r .  S t r i p s  o f  c o b a l t  t h i o c y a n a t e  p a p e r  
(S o lo m o n  1 9 5 1 )  w ere  f i x e d  on  t h e  r o o f  o f  e a c h  ch a m b er  by  
a  t r a c e  o f  v a s e l i n e  a t  t h e  tw o e x t r e m i t i e s  o f  e a c h  s t r i p .  
H u m id i ty  w as c h e c k e d  b y  m eans  o f  t h e  p a p e r  a n d  t h a t  ab o v e  
60% c o i n c i d e d  w e l l  w i t h  t h e  a r b i t r a r y  d i v i s i o n s  on  t h e  
p e r s p e x .  S i n c e  t h e  s t a n d a r d  h u m id i ty  d i s c  Vvlth t h e  lo w e r  
r a n g e  (0 -6 0 % ) w as n o t  a v a i l a b l e ,  t h e  b l u e  c o l o u r  o f  t h e  
p a p e r  w as v e r y  much a p p r o x i m a t e d ,  a n d  t h e  l e n g t h s  o f  t h e  
s e c t i o n s  c o i n c i d e d  w i t h  t h e  d i f f e r e n t  i n t e n s i t i e s  o f  
b l u e ,  b e c o m in g  d e e p e s t  t o w a r d s  t h e  l o w e s t  r a n g e .  A l th o u g h  
t h e  e x a c t  h u m id i ty  w as n o t  r e a d  b e lo w  60%, j u d g i n g  f ro m  
t h e  a c c u r a c y  o f  t h e  r a n g e  a b o v e  60% an d  t h e  c h e m ic a l  u s e d ,  
i t  i s  r e a s o n a b l e  t o  a s su m e  t h e  s a i d  g r a d i e n t s  a s  e x i s t i n g .
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A f t e r  e q u i l i b r a t i n g  t h e  a p p a r a t u s  a n d  o t h e r  e s s e n t i a l s  
t o  t h e  t e m p e r a t u r e  o f  t h e  e x p e r i m e n t  (2 5 ^  C) a s  b e f o r e ,  
tw e n t y  i n s e c t s  w ere  r e l e a s e d  i n t o  t h e  c h a m b e r ,  f o u r  t h r o u g h  
e a c h  h o l e  on  t h e  c o v e r .  The num ber o f  i n s e c t s  i n  e a c h  
s e t  o f  g r a d i e n t  was t a k e n  a t  f i v e  m in u t e  i n t e r v a l s  f o r  
t w e n t y  m i n u t e s ,  and  t h e  e x p e r i m e n t  w as r e p e a t e d .
R e s u l t s .
The t o t a l  num ber o f  p o s i t i o n s  a r e  r e p r e s e n t e d  i n  a
h i s t o g r a m  ( F i g .  1 5 ) ,  a g a i n s t  e a c h  s e c t i o n  o f  t h e  g r a d i e n t s
c h o s e n .  T h e s e  r e s u l t s  show a  d i s t i n c t  a g g r e g a t i o n  w i t h i n  
c e r t a i n  l i m i t s  o f  r e l a t i v e  h u m id i ty  f o r  e a c h  s p e c i e s .  
T h e r e f o r e  a  s h o r t e r  r a n g e  o f  r e l a t i v e  h u m id i ty  w as n e x t  
p r o v i d e d  t o  d e t e r m i n e  t h e  m ore  p r e c i s e  r a n g e  o f  h u m id i ty  
t h e y  p r e f e r r e d .  C. t u r c i c u s  a v o i d e d  e i t h e r  e n d s  o f  t h e  
c h a m b er  an d  many w ere  fo u n d  b e tw e e n  20 a n d  80%, b u t  m o s t l y  
b e tw e e n  4 0  a n d  6 0 .  W h ile  C. f e r r u g i n e u s  show ed a  d i s t i n c t  
p e a k  b e tw e e n  60 a n d  80%.
E x p e r im e n t  I I I .
S l i g h t l y  d i f f e r e n t  g r a d i e n t s  w e re  c h o s e n  f o r  t h e  two 
s p e c i e s  i n  t h i s  e x p e r i m e n t ,  due t o  t h e i r  som ew hat v a r i e d  
p r e f e r e n c e  f o r  h u m i d i t y  f o u n d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  
F o r  C. t u r c i c u s  t h e  r e l a t i v e  h u m id i ty  l i m i t s  c h o s e n  w ere  
50% a n d  70% and  f o r  C. f e r r u g i n e u s  40% a n d  80%. D i f f e r e n t  
c o n c e n t r a t i o n s  o f  p o t a s s i u m  h y d r o x id e  w e re  u s e d  i n  e a c h  
t u b e  t o  p r o v i d e  t h e  r e q u i r e d  h u m id i ty  i n  e a c h  c a s e .  T he 
p e r s p e x  c o v e r  w i t h  f o u r  h o l e s  w as u s e d ,  a n d  t h e  g r a d i e n t s  
w e re  t a k e n  a t  10% i n t e r v a l s ,  a n d  t h e  r e l a t i v e  h u m id i ty  i n  
t h i s  a g a i n  c h e c k e d  b y  c o b a l t  t h i o c y a n a t e  p a p e r  a s  b e f o r e .
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Three in s e c t s  were r e le a s e d  a t each o f th e  fo u r  h o le s ,  
and re a d in g s  tak en  as b e fo re  a t f i v e  m inute in t e r v a ls  fo r  
tw enty  m in u tes, and th e  experim ent rep ea ted  tw ic e .
R e s u l t s .
The t o t a l  p o s i t io n s  o f th e  i n s e c t s  are shown in  a 
histogram  a g a in st  th e  hum idity g r a d ie n ts  (F ig . 15)*
C. f e r r u g i n e u s ' a g a i n  show ed  a  d e f i n i t e  p e a k ,  m o s t  i n s e c t s  
a g g r e g a t e d  i n  t h e  50-70%  r a n g e ,  t h e r e b y  shovd.ng a  
p r e f e r e n c e  f o r  t h i s  r a n g e  o f  h u m i d i t y .  C. t u r c i c u s  on  
t h e  o t h e r  h an d  a g g r e g a t e d  m o s t l y  i n  t h e  40-50%  r a n g e ,  
t h e r e  w as t h e n  a  s e c o n d  p e a k ,  a l t h o u g h  c o n s i d e r a b l y  l o w e r ,  
b e tw e e n  60-70% . T h i s  a g g r e g a t i o n  i n  t h e  ch a m b er  w as 
m a r k e d ly  ia long t h e  en d  o f  t h i s  zo n e  a n d  t h a t  o f  50-60% ; 
b u t  m ore  w e re  f o u n d  i n  t h e  f i r s t  h a l f  o f  t h e  f o r m e r  z o n e .  
T h a t  i s  b e tw e e n  60 a n d  65% R .H . The num ber o f  p o s i t i o n s  
i n  t h e  o t h e r  g r a d i e n t s  o f  t h e  h i s t o g r a m  was a l s o  f a i r l y  
h i g h .  H ence  i t  a p p e a r s  t h a t  G. t u r c i c u s  h a s  a  w id e r  
p r e f e r e n c e  r a n g e  o f  h u m i d i t y ,  b u t  t e n d i n g  t o  a g g r e g a t e  
m o s t l y  i n  t h e  40-50%  r a n g e .
D is c u s s io n .
S i n c e  m o s t  i n s e c t s  o f  b o t h  s p e c i e s  a g g r e g a t e d  a b o u t  
4 0  t o  30% R . H . , an d  t h e  h i s t o g r a m  show ed a  g r a d u a l  r i s e  
f ro m  t h e  d r i e r  s i d e  a n d  a  s t e e p  d r o p  a f t e r  80% R .H . i n  
e x p e r i m e n t  I I ,  i t  a p p a r e n t l y  i n d i c a t e d  t h a t  t h e y  a r e  m ore 
t o l e r a n t  o f  d r i e r  c o n d i t i o n s  t h a n  w e t ,  w h ich  i s  p r e s u m a b ly  
m ore  m a rk e d  i n  G. f e r r u g i n e u s .






















PERCENTAGE RE L A T IV E  HUMIDITY
P ig . 1 5 . H istogram s showing th e  t o t a l  number o f th e  p o s i t io n s  o f  in s e c t s  in  th e  hum idity g r a d ie n ts .
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e x p e r i m e n t s  w i th  c e r t a i n  i n s e c t s  fo u n d  t h a t  *^L aem o p h lo eu s  
t u r c i c u s  p r e s e n t s  a  r a t h e r  u n d e c id e d  t e m p e r a t u r e  p r e f e r e n c e  
c u r v e ,  e x t e n d i n g  from  a b o u t  50^  -  14^  C, w i th  a  p e a k  a t  
21^ C an d  a n o t h e r  a t  15°  C. M ost o f  t h e  i n s e c t s  w ere  
g a t h e r e d  i n  t h e  z o n e s  2 8 -2 1 °  C and  1 7 -1 4 °  C. I t  i s  
p o s s i b l e  t h a t  t h e  h u m id i ty  g r a d i e n t ,  w h ich  n o r m a l l y  
e x i s t s  i n  a  t e m p e r a t u r e  g r a d i e n t  p l a y e d  an  i m p o r t a n t  p a r t  
i n  t h i s  i n s t a n c e .  S in c e ,  i t  may be t h a t  a t  c e r t a i n  
t e m p e r a t u r e s  i t  h a s  c e r t a i n  h u m id i ty  p r e f e r e n c e s ;  ( a t  
25^ C, h u m id i ty  p r e f e r e n c e  i s  b e tv /e e n  4 0  and  50% ). As 
f o r  i n s t a n c e  t h e  s p i d e r  Z i11a - x - n o t a t a  w hich  r e m a r k a b ly  
e x e m p l i f i e s  a  c a s e  o f  r e v e r s a l  o f  r e a c t i o n  t o  h u m id i ty ,  
a s  a  r e s u l t  o f  c h a n g e d  t e m p e r a t u r e  (S a v o ry  1 9 5 0 ) .  I t  
c h o s e  t h e  m o i s t  end o f  t h e  g r a d i e n t  a t  5 °  C b u t  t h e  d ry  
end  a t  a  t e m p e r a t u r e  o f  2 0 °  C o r  h i g h e r .
G. t u r c i c u s  may t h u s  e x h i b i t  a  s i m i l a r  b e h a v i o u r ,  
a l t h o u g h  t o  a  v e r y  much l e s s e r  d e g r e e ,  and  h en c e  t h e  
a g g r e g a t i o n  i n  tw o g r o u p s  i n  t h e  t e m p e r a t u r e  g r a d i e n t  
a p p a r a t u s  o f  D e a l .  I n  h i s  e x p e r i m e n t s  i t  i s  l i k e l y  t h a t  
a  h i g h e r  h u m id i ty  m ig h t  have e x i s t e d  i n  t h e  1 4 °  -  17^ C 
g r a d i e n t ,  due t o  l e s s  e v a p o r a t i o n .  He s t a t e s  t h e  p r e f e r r e d  
h u m id i ty  ( i . e .  t h e  h u m id i ty  i n  t h i s  1 4 °  -  28°  C) a s  
50-60% . I n  t h e  p r e s e n t  e x p e r im e n t  how ever t h e  u p p e r  l i m i t  
f o r  p r e f e r e n c e  i s  a b o u t  65% R .H . The p o s s i b i l i t y  r e m a in s  
t h a t  G. t u r c i c u s  p r e f e r r e d  t h e  two t e m p e r a t u r e s  r a t h e r  
t h a n  t h e  co m b in ed  e f f e c t  o f  t h a t  a n d  t h e  h u m id i ty ,  b u t  
t h e  r e s u l t s  f ro m  t h e  p r e s e n t  e x p e r im e n t  s u g g e s t  t h e  l a t t e r .
The b e h a v io u r  o f  G. t u r c i c u s  i n  p r e f e r r i n g  t h e  d r i e r  
c o n d i t i o n  t o  t h e  w e t t e r ,  m ore t h a n  C. f e r r u g i n e u s  i s  
p e c u l i a r .  S in c e  w i th  r e g a r d  t o  d e v e lo p m e n t ,  low  h u m id i ty
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i s  b y  no m eans o p t im a l  f o r  Ç. t u r c i c u s , i n  f a c t  a  h i g h e r  
m o r t a l i t y  i s  r e c o r d e d  i n  t h e  e x p e r i m e n t s ,  i n  a d d i t i o n  t o  
t h e  somewhat s lo w e r  r a t e  o f  d e v e lo p m e n t .  A t 70°  P and  
40% R .H . B ish o p  (1 9 5 8 )  fo u n d  t h a t  t h e  a v e r a g e  num ber o f  
o f f s p r i n g  o f  10  f e m a le s  ( w i th  m a le s )  i s  1 . 5 , and  a t  
90% R .H . 1 5 1 . - .  I n  t h i s  r e s p e c t  i t  r e s e m b l e s  L o c u s t a  
m i g r a t o r i a , w h ich  moved to w a r d s  t h e  d r y  end i n  a  h u m id i ty  
g r a d i e n t  (K ennedy  1 9 5 7 ) ,  w h i l e  t h e  optim um  c o n d i t i o n s  f o r  
d e v e lo p m e n t  a r e  b e tw e e n  50 a n d  75% R .H . ( H a m i l to n  1 9 5 ^ ) ,  
a n d  no b r e e d i n g  i n  t h e  f i e l d  was f o u n d  b e lo w  40  o r  ab o v e  
80% R .H . (L e a n  1 9 5 1 ) .
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General D isc u ss io n .
From th e  r e s u l t s  ob ta in ed  fo r  the two s p e c ie s  w ith  
regard  to  p re -a d u lt  development and m o r ta lity , th e  wider 
range o f tem perature s u ita b le  to  G. ferru g in eu s i s  
apparent, and a lso  su g g e s ts  f a i r l y  d if fe r e n t  optimum 
tem peratures fo r  th e  two s p e c ie s .
The r e s u l t s  o b t a i n e d  h e r e  a n d  t h o s e  o f  B ish o p  (1 9 5 8 )  
show t h a t  low  h u m id i ty  i s  n o t  f a v o u r a b l e  f o r  t h e  d e v e lo p m e n t  
o f  G. t u r c i c u s . I n  f a c t  a t  40% a n d  50% R .H . o n ly  d e v e lo p m e n t  
o f  t h e  egg  i s  c o m p le te d  w h i l e  f i r s t  i n s t a r s  m o s t ly  d i e .
These f a c t s  to g e th e r  w ith  th e  com plete absence or l e s s  
freq u en t occurence o f G. tu r c ic u s  in  c e r ta in  c o u n tr ie s  
where a l l i e d  sp e c ie s  do occur, c le a r ly  su ggest th a t i t  
cannot be p r e c is e ly  claim ed  cosm op olitan . In v iew  o f  
th e  fa c t  th a t  low hum idity i s  u n su ita b le  fo r  th e  
developm ent o f  G. t u r c ic u s , i t  i s  in t e r e s t in g  to  n ote  
i t s  marked p referen ce  fo r  th e d r ie r  s id e  in  th e  experim ent 
on the hum idity r e a c t io n s .
The low hum idity which g e n e r a lly  p r e v a i ls  in  s to red  
wheat, excep t when h eatin g  o f  g ra in  occurs (when hum idity 
can be very  h ig h ), coupled  w ith  th e  i n a b i l i t y  o f  G. tu r c ic u s  
to  a tta c k  sound undamaged g ra in , c o n fin e s  t h i s  sp e c ie s  to  
f lo u r .  In  th e  l a t t e r  r e sp e c t  i t  resem b les th e  moth 
Ephesta K u eh niella  which although a tta c k s  g ra in  i s  seldom  
found in  sound g ra in , and p r e fe r s  m ille d  p rod u cts, 
e s p e c ia l ly  fbur, to  g r a in .
Fraenkel and B lew ett (1 9 4 5 )  p o in t  out th a t *’w ith  an
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optim al d ie t  growth i s  f a s t e r ,  th e  v a r ia t io n  between
in d iv id u a ls  i s  r e la t iv e ly  sm all and th e m o r ta lity  low ..........
a s  d ie t s  become unfavourable grovirbh becomes re tard ed , 
th e  v a r ia t io n  between in d iv id u a ls  becomes la r g e r  and th e  
m o r ta lity  r i s e s ’’ . In  u sin g  one food  in  th e  experim ents  
and th e r e fo r e  avo id in g  n u tr it io n a l  d i f fe r e n c e s ,  but 
in tro d u c in g  p a r t i c l e - s i z e  as th e  v a r ia b le  fa c to r , th e  
b e t te r  d ie t  fo r  C. ferru g in eu s i s  c le a r ly  crushed g ra in , 
o f  co a rser  p a r t ic le s  in  comparison to  th e  f lo u r  o f f in e r  
p a r t i c l e s .  In  a d d it io n  i t s  p re feren ce  fo r  th e  coarser  
p a r t ic l e s  shown in  th e  food p re feren ce  experim ent, a lthough  
t h i s  was ca r r ie d  out a t  one tem perature and r e la t iv e  
hum idity, to g e th e r  w ith  i t s  h ab it o f  tu n n e ll in g  in  f lo u r ,  
and in  th e  f in e r  p a r t i c l e s  in  th e  c u ltu r e s , which i s  very  
ob viou s, and i t s  ra th erza p id  habit o f locom otion  a l l  go 
to  favour i t s  l i v in g  in  th e  co a rse , f la k y  medium.
That such a p o s s i b i l i t y  might e x i s t  has been su ggested , 
or m erely mentioned by p rev io u s w orkers. From th e  
developm ental s tu d ie s  on v a r io u s  fo o d s , Sheppard (1 9 3 7 )  
thought th a t  "foods o f  co a rser  tex tu re"  were probably  
more s u ita b le  to  th e  needs o f  th e  la r v a  o f  C. fe r r u g in e u s . 
While 0 ’ F a r r e ll  and B u tler  (1 9 4 8 )  m entioned th a t  
"L. ferru g in e u s  i s  la r g e ly  rep la ced  in  th e  m i l l s  by 
L. m inutus". At l e a s t  some o f th e l a t t e r  s p e c ie s  were 
probably C. t u r c ic u s , w ith  which s p e c ie s  G. minutus has 
been very  much confused  p r e v io u s ly . W illiam s (1 9 5 0 )  says  
th a t  a lthough  C. ferru g in eu s  and G. m inutus are common 
on wheat brought in to  th e  m i l l s ,  th e u su al s p e c ie s  found
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i n  m i l l s  i s  0 .  t u r c i c u s . T h i s  a g a i n  w as s t r o n g l y  s u g g e s t e d  
f ro m  t h e  d i s t r i b u t i o n  o f  t h e s e  s p e c i e s ,  b y  Howe and  
L e f k o v i t c h  ( 1 9 5 7 ) .  I n  p r e f e r r i n g  c o a r s e r  p a r t i c l e s  o f  
f o o d ,  C. f e r r u g i n e u s  r e s e m b l e s  T r i b o l i u m  c o n fu su m .
From a  s e r i e s  o f  e x p e r i m e n t s  on  f o o d  p r e f e r e n c e  w i th  
r e g a r d  t o  p a r t i c l e  s i z e  o f  f o o d .  Chapman ( I 9 I 8 ) came t o  
t h e  c o n c l u s i o n  t h a t  t h e  p r e f e r e n c e  f o r  t h e  c o a r s e  p a r t i c l e  
s i z e  w as due t o  t h e  p o s s i b i l i t y  a f f o r d e d  b y  su c h  a  medium 
f o r  f r e e  movement o f  T r i b o l iu m  c o n fu su m . He p o i n t e d  o u t  
t h a t  i t  i s  a b l e  t o  i m p r o v i s e  su c h  a  medium, e v e n  i n  t h e  
c l o s e l y  p a c k e d  f l o u r ,  b y  h o n e y -c o m b in g  t h e  medium b y  m eans 
o f  t u n n e l s .  T h i s  b e h a v i o u r  p r o b a b l y  e n a b l e s  i t  t o  l i v e  t o  
some e x t e n t  i n  f l o u r ,  e v e n  i n  t h e  p r e s e n c e  o f  t h e  r e l a t e d  
s p e c i e s  T. c a s ta n e u m , w h ic h  i s  w e l l  a d a p t e d  t o  t h i s  medium. 
K h a l i f a  a n d  Badaway (1 9 5 5 )  have  shown t h a t  T. c a s ta n e u m  
a l s o  d e v e l o p s  f a s t e r  on  w h e a t  an d  m a iz e  f l o u r ,  t h a n  on 
t h e  c r u s h e d  g r a i n s  o f  t h e s e  c e r e a l s ,  a t  a b o u t  27^ C and  
62% R . H . , a n d  w i th  l e s s  m o r t a l i t y .
H ow ever, P a r k  (1 9 4 8 )  s t u d i e d  t h e  i n t e r s p e c i f i c  
c o m p e t i t i o n  o f  t h e s e  tw o f l o u r  b e e t l e s  a n d  fo u n d  t h a t  
e v e n t u a l l y  one o f  t h e  s p e c i e s  becom es e x t i n c t . He f o u n d  
t h a t  i n s p i t e  o f  i t s  som ewhat h i g h e r  r e p r o d u c t i v e  c a p a c i t y  
T . c a s ta n e u m  shows a  d e c l i n e ,  due t o  t h e  p r e s e n c e  o f  t h e  
p r o t o z o a n  p a r a s i t e  A d e l i n a ,  w h ich  c a u s e s  c o n s i d e r a b l e  
m o r t a l i t y ,  and  T. co n fu su m  t h e r e f o r e  b u i l d s  u p ,  b u t  i f  t h e  
minimum d e n s i t y  i s  n o t  b r o u g h t  w i t h i n  c r i t i c a l  l i m i t s ,
T. c a s ta n e u m  r e c o v e r s  a n d  i t s  a s s o c i a t e  becom es e x t i n c t .
He s a y s  t h e  a b i l i t y  o f  T. con fusum  t o  w i t h s t a n d  c o m p e t i t i o n  
d u r i n g  t h e  i n i t i a l  o n e - t h i r d  o f  t h e  t im e  i s  n o t  u n d e r s t o o d .
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The s i t u a t i o n  fo u n d  i n  0 .  t u r c i c u s  and  C. f e r r u g i n e u s  
i s  v e r y  s i m i l a r  t o  t h a t  o f  t h e  two s p e c i e s  o f  T r i b o l i u m , 
t h e  f i r s t  s p e c i e s  b e i n g  p r e d o m in a n t  i n  m i l l s .  From t h e  
d e v e lo p m e n ta l  s t u d i e s  on  c r u s h e d  g r a i n  a n d  f l o u r  i n  m o s t 
o f  t h e  e x p e r i m e n t s ,  t h e  d e v e lo p m e n t  was q u i c k e r  on t h e  f l o u r ,  
a n d  h en c e  on  t h a t  o f  s m a l l e r  p a r t i c l e - s i z e ,  f o r  Ç. t u r c i c u s .  
T h i s  s p e c i e s  i s  f u r t h e r  d r i v e n  t o  t h i s  s i t u a t i o n ,  a s  
s u g g e s t e d  e a r l i e r ,  ow ing t o  i t s  i n a b i l i t y  t o  a t t a c k  sound  
g r a i n ,  o r  t o  i t s  l e s s e r  a b i l i t y  t o  a t t a c k  s l i g h t l y  dam aged 
g r a i n  t h a n  C. f e r r u g i n e u s  an d  due t o  i t s  i n a b i l i t y  t o  a t t a c k  
e v e n  s l i g h t l y  damaged g r a i n  a t  low  h u m id i ty .  I t s  b e h a v io u r  
i s  b e t t e r  s u i t e d  t o  l i f e  i n  f l o u r ,  i n  m ak ing  a  p r o p e r  c o c o o n , 
w h ich  c o m p l e t e l y  s e a l s  t h e  p u p a t i n g  ch am b er ,  w h ic h  w ou ld  a l s o  
a l l o w  t h e  p r e p u p a l  an d  p u p a l  m o u l t s  t o  o c c u r  w i th  e a s e  and  
a l s o  k e e p  o f f  p r e d a t o r s  t o  some e x t e n t .  The s i t u a t i o n  i s  
n o t  t h e  same f o r  0 .  f e r r u g i n e u s , s i n c e  l a r g e r  p a r t i c l e s  w i l l  
s u i t  i t s  mode o f  c o n s t r u c t i n g  a  c o c o o n ,  an d  i n  an y  c a s e  t h e  
c o c o o n  i s  n o t  c o m p le te  enough t o  c o n c e a l  t h e  p u p a  r e a s o n a b l y  
f ro m  p r e d a t o r s ,  o r  k eep  o f f  t h e  medium c o m p l e t e l y ,  b y  n o t  
c o l l a p s i n g  u n d e r  s l i g h t  p r e s s u r e .
C. t u r c i c u s  w o u ld  c o n f i n e  i t s e l f  t o  c e r t a i n  p l a c e s  i n  
t h e  m i l l ,  a s  among m a c h in e ry ,  d u t  t o  i t s  mode o f  l o c o m o t io n .  
I t s  p r o b a b l e  p r e f e r e n c e  f o r  som ewhat h i g h e r  h u m id i ty  a t  
lo w e r  t e m p e r a t u r e s ,  w h ic h  w ou ld  be  t h e  c o n d i t i o n  o c c u r i n g  i n  
c r a c k s  a n d  c r e v i c e s ,  p o s s i b l y  a t t r a c t  i t  t o  s u c h  p l a c e s ,  an d  
i t  w ou ld  e s c a p e  c l e a n i n g  o r  f u m i g a t i o n  t o  a  f a i r  e x t e n t .
Such s u r v i v a l s  w ould  r e s u l t  i n  endem ic  p o p u l a t i o n s .  T h i s  
p r o b a b l y  e x p l a i n s  why i n  B r i t a i n  i n s p i t e  o f  t h e  l e s s e r  num ber 
o f  r e c o r d s  f ro m  i m p o r t s  o r  s h i p s ,  v a s t  n u m b ers  e x i s t  i n  m i l l s .
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W il l ia m s  (1 9 5 0 )  c o n s i d e r s  t h e  m a jo r  s o u r c e  o f  i n f e s t a t i o n  
t o  be  t h e  r e t u r n e d  f l o u r  b a g s ,  w h ich  v /ould  i n d e e d  
h a r b o u r  th e m  w e l l .
I f  due  t o  a r t i f i c i a l  h e a t i n g  t h e  h u m id i ty  i n  t h e  m i l l s  
i s  n o t  e x e s s i v e ,  t h e i r  p r o b a b l e  p r e f e r e n c e  f o r  lo w e r  
h u m id i ty  a t  h ig h  t e m p e r a t u r e  w o u ld  r e n d e r  a c c u m u l a t i o n  i n  
t h i s  s i t u a t i o n .
W ith  r e g a r d  t o  t h e  o c c u re n c e  o f  C. t u r c i c u s  o n ly  o r  
m a in ly  i n  t h e  w h e a t  f ro m  U .S .A . ,  i t  may be  t h a t  t h e  h ig h  
h u m id i ty  w i th  n o t  a  v e r y  low  t e m p e r a t u r e  f o r  i t s  d e v e lo p m e n t  
on g r a i n , i s  fo u n d  i n  t h e  S t a t e s ;  and  w i th  r e g a r d  t o  
p e n e t r a t i o n ,  t h e  p r e s e n c e  o f  s o f t  r e d  w i n t e r  w h ea t i n  t h e  
m i d - w e s t e r n  and  e a s t e r n  s t a t e s  may b e  a n  a s s e t .
The g e n e r a l  c o n d i t i o n s  t h r o u g h o u t  w a re h o u s e s  i n  B r i t a i n  
i s  p r o b a b l y  s i m i l a r  t o  t h a t  g i v e n  i n  a  c l i m a t o g ra p h  b y  Howe 
and  B u rg e s  (1 9 5 3 )*  The t e m p e r a t u r e  i s  s e e n  t o  r e m a in  
f a i r l y  lo w , b u t  more so  t h e  r e l a t i v e  h u m id i ty ,  which i s  on 
t h e  w ho le  low , e x c e p t  d u r i n g  w i n t e r .  C o n s i d e r i n g  t h e  
h u m id i ty  p r e f e r e r c  e o f  Ç. t u r c i c u s  t h i s  s p e c i e s  w ou ld  
a g g r e g a t e  i n  t h e  . r e g i o n  o f  4 0  t o  50% R . H . . . a t ' 25^ C s i n c e  
t h e  l a t t e r  i s  n o t  s e e n  r e a c h e d  i n  t h e  g r a p h ,  p r o b a b l y  
t h e  b e e t l e s  w i l l  a g g r e g a t e  a t  a  t e m p e r a t u r e  n o t  d e v i a t i n g  
much f ro m  25^ C w h ich  i s  a b o u t  23^ C. But a t  2 2 .5 ^  C t h e  
e x p e r i m e n t s  have shown t h a t  100% i ^ o r t a l i t y  o c c u r s  on g r a i n .  
S in c e  t h e  s p e c i e s  a v o i d e d  t h e  w et zone  i n  t h e  h u m id i ty  
r e a c t i o n  e x p e r im e n t  i n  t h e  p r e s e n t  s t u d y ,  and  w ere  b e tw e e n  
30-60%  R .H . a t  1 4 °  C i n  D e a l ’ s  e x p e r im e n t  ( 1 9 4 1 ) ,  i t  i s  
u n l i k e l y  t h a t  t h e y  w i l l  r e m a in  i n  t h e  r e g i o n  w here  r e l a t i v e
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h u m id i ty  i s  b e tw e e n  90-100%  a t  t e m p e r a t u r e s  b e lo w  2 0°  C.
The o n ly  r a n g e  o f  h u m id i ty  r e m a in in g  l i e s  w i t h i n  t h e  
f a v o u r a b l e  l i m i t s  o f  a b o u t  55 - 05%, b u t  t h i s  i s  a t  a  f a i r l y  
low  t e m p e r a t u r e .  S in c e  1 2 -1 5 °  G h a s  b e e n  c a l c u l a t e d  t o  
b e  t h e  minimum t e m p e r a t u r e  f o r  t h e  d e v e lo p m e n t  o f  e g g s ,  
a n d  s i n c e  p e r i o d  o f  l a r v a l  d e v e lo p m e n t  a t  2 2 .5 ^  C i s  a lm o s t  
d o u b le  t h a t  a t  27*5^ C, i t  i s  u n l i k e l y  t h a t ,  a t  su c h  low  
t e m p e r a t u r e s  a s  f ro m  2 0 °  C -  12° 0 an d  t h e  h u m id i ty ,  w h ich  
e x i s t s  f o r  a b o u t  two m o n th s  ( f ro m  t h e  c l i m a t o g r a p h )  i t  
c o u l d  c o m p le te  d e v e lo p m e n t . At m o s t ,  p e r h a p s  some may j u s t  
c o m p le te  d e v e lo p m e n t  w i th  d i f f i c u l t y ,  due t o  somev/hat h ig h  
r e l a t i v e  h u m id i ty  r e a c h e d  b e lo w  20°  0 d a i l y  a t  t w i l i g h t ,  
b u t  p r o b a b l y  t h e r e  would n o t  b e  a  c h a n c e  f o r  i t  t o  e s t a b l i s h  
i t s e l f .  C. f e r r u g i n e u s  on  t h e  o t h e r  hand i s  a b l e  t o  r e a c h  
t h e  a d u l t  s t a g e  u n d e r  t h e s e  c o n d i t i o n s  ( a b o u t  2 2 .5 ^  C an d  
60% R .H . )  i n  a  g r e a t e r  num ber (40% ). However t h e s e  b y  no 
m eans a f f o r d  i d e a l  c o n d i t i o n s  f o r  e i t h e r  s p e c i e s ,  b u t  
C, f e r r u g i n e u s  c e r t a i n l y  s t a n d s  a  b e t t e r  c h a n c e .  B ut when 
h e a t i n g  o f  g r a i n  o c c u r s  (O x ley  and  Howe 1 9 4 4 )  t h e  
t e m p e r a t u r e  i s  r a i s e d  f a i r l y  h ig h  ( 4 1 °  C) e s p e c i a l l y  by  
t h e  a c t i v i t y  o f  t h e  f o u r t h  l a r v a e  o f  C. f e r r u g i n e u s  an d  
C. m i n u t u s , b e s i d e s  t h a t  due t o  o t h e r  s p e c i e s .  0 .  f e r r u g i n e u s  
w ould  show a  r a p i d  i n c r e a s e  a t  i t s  optim um  t e m p e r a t u r e ,  
w h ich  i s  a b o u t  3 2 . 5 °  0 ,  w h ich  i s  n e a r e r  t h e  t e m p e r a t u r e  
r e a c h e d  a t  h e a t i n g .  The c e n t r e  o f  h e a t i n g  r e g i o n  i t s e l f  
o f  c o u r s e  i s  d e s e r t e d  b y  i n s e c t s  i n  g e n e r a l ,  due t o  t h e  
l e t h a l  t e m p e r a t u r e  l e v e l s  r e a c h e d ,  f o r  many s t o r e d  p r o d u c t  
s p e c i e s .
R i l e t t  ( I 9 4 9 ) h a s  shown t h a t  C. f e r r u g i n e u s  s u r v i v e s  
and  d e v e l o p s  v e ry  w e l l  ev e n  i n  t h e  p r e s e n c e  o f  m o u ld s .  But
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a n  e x p e r im e n t  c a r r i e d  o u t  a t  100% R .H . a t  2 7 .3 °  C on t h e  
t h r e e  p a r t i c l e  s i z e s  o f  f o o d ,  w hose r e s u l t s  w ere  how ever 
n o t  r e c o r d e d  due t o  t h e  em erg en ce  o f  a d u l t s  l o n g  b e f o r e  
t h e  f i r s t  o b s e r v a t i o n  was m ade, t h e  f o o d  i n  a l l  t h e  t u b e s  
g o t  c o v e r e d  wdth m o u ld s ,  an d  was o b s e r v e d  t h a t  f ro m  t h i r t y  
i n s e c t s  p l a c e d  on  e a c h  o f  t h e  t h r e e  f o o d s ;  t h o s e  w h ic h  
em erged  w ere  a l l  G. f e r r u g i n e u s , an d  no s i g n  o f  c o c o o n s  
o r  a d u l t s  w ere  s e e n  o f  G. t u r c i c u s . A lth o u g h  a  d e t a i l e d  
e x a m in a t io n  o f  t h e  f o o d  was n o t  m ade, no l a r v a e  w ere  
r e c o g n i s a b l e .  T h i s  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  t h e  
p r e s e n c e  o f  m o u ld s ,  o r  p o s s i b l y  v e r y  h ig h  r e l a t i v e  
h u m id i ty ,  i s  n o t  s u i t a b l e  f o r  t h e  d e v e lo p m e n t  o f  
G. t u r c i c u s . S in c e  i n  t h e  t u b e s  i n  w h ich  m o u ld s  o c c u r e d ,  
no s t a g e  o f  G. t u r c i c u s  was p r e s e n t  i n  t h e  e x p e r i m e n t s  
c a r r i e d  o u t  a t  27*3^ G an d  80%, a s  w e l l ,  i t  i s  m ore l i k e l y  
t h a t  t h e  p r e s e n c e  o f  m o u ld s  i n h i b i t e d ,  o r  made i m p o s s i b l e ,  
t h e  d e v e lo p m e n t .
I n  v ie w  o f  t h e  p o s s i b i l i t y  t h a t  i n  t h e  p r e s e n c e  o f  
m o u ld s  d e v e lo p m e n t  d o e s  n o t  t a k e  p l a c e ,  a n d  t h e  h ig h  
m o r t a l i t y  c a u s e d  a t  3 2 . 3 °  G, G. t u r c i c u s  c a n n o t  b e  e x p e c t e d  
n e a r  t h e  c e n t r e  o f  h e a t i n g  g r a i n .  B u t i t s  optim um
t e m p e r a t u r e  may b e  fo u n d  f u r t h e r  aw ay, w here  r a p i d  i n c r e a s e
c o u l d  o c c u r .
G e n e r a l l y ,  i t  i s  m ore l i k e l y  t h a t  G. t u r c i c u s  w ould
a v o i d  t h e  c o n d i t i o n s  fo u n d  i n  g r a i n ; s o  t h a t  G. f e r r u g i n e u s
may b e  f r e e  f ro m  i n t r a s p e c i f i c  c o m p e t i t i o n .  The f a c t  t h a t  
G. f e r r u g i n e u s  i s  m ore c o l d  h a r d y ,  a n d  t h a t  i t  i s  o c c a s i o n a l l y  
fo u n d  ev e n  i n  fa rm  g r a i n - s t o r e s ,  w h ere  t e m p e r a t u r e  w o u ld  b e
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very  low , makes i t  p o s s ib le  fo r  t h i s  sp e c ie s  to  be more 
freq uent in  g ra in .
Although G. ferru g in eu s l i v e s  among g ra in  than w ith in  
s in g le  g r a in s , some o f  them do p a ss  th e ir  e n t ir e  la r v a l  
and pupal development p er iod  w ith in  th e  g ra in . The f i r s t  
in s ta r  hollow s out a sm all c a v ity  a t th e  germ end o f th e  
g ra in  which deepens and fa e c e s  pushed out at th e  en tran ce, 
but la t e r  th e  l a s t  in s ta r  appears to  turn  round fa c in g  th e  
entrance and prepupate in  t h i s  p o s it io n ,  w hile fa e c e s  are 
seen  a t th e  o p p o site  end. G. tu r c ic u s  a lso  o c c a s io n a lly  
p up ates w ith in  th e  g ra in  but more o fte n  comes out in  
th e  fou rth  in s ta r  s ta g e  to  b u ild  a cocoon o u ts id e . T his  
manner o f  l iv in g  in  g ra in  would a ls o  enable the two s p e c ie s  
to  be in trod u ced  in to  m il l  or escape gen era l c lea n in g  
methods adopted fo r  g ra in , but t h i s  would be a very  sm all 
p ro p o rtio n .
In g en era l, co n s id e r in g  th e  s to ra g e  c o n d itio n  o f  wheat 
in  B r ita in , th e  v ir t u a l  absence o f G. tu r c ic u s  in  t h i s  
commodity can be exp ected .
I t  has fo r  lon g  been con sid ered  th a t  th e  n u t r i t iv e  
v a lu e  o f th e  food, and th e  p h y s ic a l environment were th e  
c h ie f  fa c to r s  determ in ing th e d is t r ib u t io n  o f in s e c t s  in  
s to re d  p rod u cts . However, th e  p a r t ic le  s i z e  o f  th e  food  
i s  a ls o  seen  to  be im portant in  th e  d is t r ib u t io n  o f  some.
In a d d it io n  th e  behaviour of th e  in s e c t s ,  not on ly  to  
tem perature and r e la t iv e  hum idity, but a lso  in  th e ir  
movements or locom otion  appear to  p la y  a p a r t .
In some o f th e se  b e e t le s  a lthough  c e r ta in  n u t r i t iv e  
fa c to r s  such as v itam in  B are e s s e n t ia l ,  t h e ir  d is t r ib u t io n  
on th e  food  need not n e c e s s a r i ly  depend on th e se  requ irem ents.
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s in c e  th e  l a t t e r  a r e  f u r n i s h e d  by th e  i n t r a c e l l u l a r  
sym bion ts  p r e s e n t ,  a s  f o r  i n s t a n c e  i n  s p e c ie s  o f  S i lv a n u s  
and L ass io d e rm a .
P tim es  t e c t u s  which was th o u g h t  t o  r e q u i r e  c e r t a i n  
fo o d  f a c t o r s  f o r  deve lopm ent, such a s  v i ta m in s  o r  f a t t y  
s u b s ta n c e s ,  has been shown t o  deve lop  e q u a l ly  w e ll  o r  
b e t t e r  when o th e r  fo o d  c o n ta in in g  an  abundance o f  f i n e  
p a r t i c l e s  a r e  p ro v id e d  (Howe and B urges 1953)*
A lthough development of C. f e r r u g in e u s  i s  c e r t a i n l y  
f a s t e r  on c o a r s e r  fo o d , Smith (1939) su g g e s te d  t h a t  
a d d i t i o n  o f f i n e r  p a r t i c l e s  (among g r a i n )  p ro v id e d  a 
b e t t e r  medium f o r  o v i p o s i t i o n .
The s i g n i f i c a n c e  o f  t h e  p re -em erg ence  i s  n o t  q u i t e  
u n d e rs to o d ,  bu t a  d e c re a s e  i n  t h i s  p e r io d  w ith  i n c r e a s e  
o f  te m p e ra tu re  i s  c l e a r  from  th e  e x p e r im e n ts .  S in ce  
p r e - o v i p o s i t i o n  p e r io d  i s  l e s s  th a n  a  week f o r  th e  two 
s p e c ie s ,  and s in c e  f re q u en cy  of c o p u la t io n  a p p e a rs  t o  
d e te rm in e  t h i s ,  th e  p o s s i b i l i t y  of a s h o r t e r  p r e - o v i p o s i t i o n  
p e r io d  th e  sooner t h e  a d u l t s  emerge, e x i s t s .  However a t  
th e  most f a v o u ra b le ,  p h y s ic a l  c o n d i t io n s  and th e  fo o d  
p ro v id e d ,  th e  l e a s t  p re -em ergence  p e r io d  f o r  b o th  s p e c ie s ,  
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A S p ec ie s  of G regarin a  P a r a s i t i c  i n  th e  Larva o f
C. f e r r u g i n e u s .
The gu t of th e  f o u r th  l a r v a  o f  Q. f e r r u g in e u s  was found
i n f e s t e d  w ith  a p ro to z o a n  p a r a s i t e .  D e ta i le d  exam ina tion
re v e a le d  t h i s  to  be a s p e c ie s  of G re g a r in a . T h is  i s  t h e
f i r s t  t im e t h i s  genus has been re c o rd e d  f o r  t h i s  i n s e c t .
A sc h i  zo gre g a r in e  M a t te s ia  d is p o ra  (N e v i l l e )  has been  found
and i t s  e f f e c t  on th e  h o s t  s tu d ie d  by F in la y so n  (1950),
w h ile  Manning (1954-55) r e p o r t s  a s c h iz o g re g a r in e  which he
c o n s id e r s  i s  d i f f e r e n t  from t h a t  d e s c r ib e d  by F in la y so n .
F o e r s t e r  (1 9 5 8 )  d isc o v e re d  a  c e p h a l in e  g re g a r in e  i n  th e
*
a d u l t s  o f  t h i s  s p e c ie s  and named i t  G reg a rin a  la em o p h lo e i .
A d e t a i l e d  s tu dy  was made o f  th e  g re g a r in e  found i n  enormous 
numbers i n  th e  l a r v a ,  and i t s  l i f e  h i s to r y  d e te rm in ed .
M a te r ia l  and Method.
F o u rth  i n s t a r s  were d i s s e c t e d  i n  0.9% s a l in e  o r  
d i s t i l l e d  v/ater under a b in o c u la r  m icroscope , and th e  gut 
removed and examined, to  de term ine  th e  ex ac t s e a t  o f  
i n f e c t i o n :  th e  t r a n s p a re n c y  of th e  gu t w a ll  f a c i l i t a t e d  
such an a t te m p t .  In  some th e  head and urogomphi were cu t 
o f f  and th e  gu t removed. Sometimes th e  gut g e t s  b roken  
and th e  c o n te n ts  mixed up w ith  th e  o u ts id e  s t r u c t u r e s ,  
b u t i t  was a q u ick e r  method th a n  th e  f i r s t  and co u ld  be 
c a r r i e d  out f a i r l y  s u c c e s s f u l ly .
Once th e  gut i s  rem ored e n t i r e l y ,  th e  m id-gu t i s  
g e n t ly  p u n c tu re d  and th e  two e x t r e m i t i e s  a re  th e n  drawn 
a p a r t ,  b re a k in g  th e  gut w ith o u t cau s in g  any c o n s id e ra b le  
s t r e t c h i n g  o f  gu t and c o n te n t s .  Sometimes th e  l a r v a  was 
p la c e d  i n  a drop o f  s a l i n e  on th e  s l i d e  and g e n t ly  p r e s s e d
♦ see  d i s c u s s io n .
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with the co v ersi ip  so th a t th e  g regarin es flow ed ou t.
D raw ings w ere made ( F i g s .  1 6 - 1 9 ) ,  u s in g  a  cam era  
l u c i d a ,  o f  t h e  p a r a s i t e  i n  d i s t i l l e d  w a te r ,  an d  t h e s e  w ere  
made a s  q u i c k l y  a s  p o s s i b l e  b e f o r e  any  a p p r e c i a b l e  
s w e l l i n g  c o u ld  o c c u r .
For permanent p rep aration s a th in  smear o f th e  gut 
con ten ts  was obtained on the s l id e  and f ix e d  in  Schaudinns 
f lu id .  In a d d itio n  to  Heidenhains haem atoxylin, o rce in  
and Giemsa’ s s ta in  were used . The la t t e r  com bination i s  
norm ally used fo r  con n ective  t i s s u e s ,  but i t  s ta in ed  th e  
protom erite  and deutom erite d i f f e r e n t ia l ly .  The deutom erite  
was b lu ish  w hile th e  protom erite  was p in k ish . A few la rg e  
sporonts were s ta in ed  com pletely  p ink  by o rce in  and Giemsa, 
and th ese  sporonts conta ined  very few or no granu les in  
th e  deutom erite, which were probably forced  out w h ile tak in g  
the smear. No attem pt was made to  s ta in  e ith e r  th e  c y s ts  
or th e  sp ores.
A few se c t io n s  were made o f the larvae to  study the  
r e la t io n  o f th e  p a r a s ite  to  the h o st.
The p r o c e s s  o f  e n c y s tm e n t  was s t u d i e d  i n  a  humid 
cham ber (S p ra g u e  1 9 4 1 ) .  The cham ber c o n s i s t e d  o f  a  
p e t r i d i s h  c o n t a i n i n g  s e v e r a l  l a y e r s  o f  m o is te n e d  b l o t t i n g  
p a p e r s .  The s l i d e  w i th  a  m in u te  d ro p  o f  d i s t i l l e d  w a te r  
c o n t a i n i n g  t h e  c y s t s  was p l a c e d  on t h i s ;  t h e  p e t r i d i s h  
was c o v e re d  w i th  a  g l a s s  p l a t e  and  t h e  e d g e s  s e a l e d  w i th  
v a s e l i n e .  When n e c e s s a r y  t h e  s l i d e  was rem oved  from  t h e  
cham ber f o r  e x a m in a t io n ,  b u t  r e t u r n e d  t o  i t  a s  so o n  a s  
p o s s i b l e ,  u n t i l  t h e  c o m p le t io n  o f  t h e  r e q u i r e d  s t a g e  o r  
s t a g e s .
1 4 5
A d u l t s  w ere a l s o  exam ined  by d i s s e c t i n g  o u t  t h e  g u t ,  
w h i le  sm e ars  w ere exam ined  i n  t h e  c a s e  o f  p u p a e  and  e g g s .
Occurence and H a b ita t.
Almost a l l  the fourth  larvae examined harboured t h i s  
p a r a s ite  in  th e  m id -gu t. In the l a t t e r  th ey  appear 
a n te r io ly  up to  th e  lower l im it  o f th e  oesophageal v a lv e .  
There appears an a n te r o -p o ste r io r  gradation  o f  th e s ta g es  
in  th e  d if fe r e n t  reg io n s  o f  the m id-gut. In th e most 
a n ter io r  reg io n  are found some s o l i t a r y  sporonts. The p a ir s  
in  a s s o c ia t io n  are g en er a lly  found lov/er down, although  
th ey  may occur a n te r io ly  as w e ll .  The r o ta t in g  p a ir s  are 
u su a lly  found in  th e p o s te r io r  th ir d  o f th e  gu t, and the  
c y s t s ,  i f  th ey  are p rese n t, are always a t t h i s  end.
Normally the rectum i s  fr e e  o f th e  p a r a s ite ,  but o c c a s io n a lly  
one or two c y s ts  are seen .
No reco g n isa b le  sta g e  was seen  e ith e r  in  th e egg, or 
f i r s t  in s t a r s .  Second in s ta r s  were not examined, s in ce  
i t  i s  d i f f i c u l t  to  id e n t i fy  them from c u ltu r e s . A few  
th ir d  in s ta r s  examined were a l l  in fe c te d , and most 
prepupae contained  a few la rg e  sp oron ts, which were 
deformed in  shape, perhaps due to  p ressu re  o f gut w a ll, 
and th ese  were p r a c t ic a l ly  m o tio n le ss . P a r a s ite s  were 
com pletely  absent in  th e  pupae examined.
During exam ination o f th e  fou rth  in s ta r s ,  a general 
im pression  was formed th a t th e  sm all cephalonts were o f 
two d if fe r e n t  forms; one, more or l e s s  c y lin d r ic a l  and 
alm ost always p resen t, w h ile another, somewhat roundish.
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was very seldom found. Careful exam ination rev ea led  
th a t la rg er  cep h alon ts, sporonts and a s s o c ia t in g  p a ir s  also  
ex h ib ited  t h i s  d if fe r e n c e  in  shape. The round kind was
very ra re . Of f i f t y  larvae examined the round kind occured
tog eth er  with th e  c y l in d r ic a l  kind in  th re e , w h ile  one 
la rv a  was e n t ir e ly  in fe s te d  by th e round ty p e . The
cephalont o f t h i s  i s  always sm a ller . When th e  two k inds,
c y l in d r ic a l  and round, occured, th e la t t e r  was in  th e  
m inority  and was always con fin ed  to  s in g le  p o s it io n s .
In  the lone la rv a  th a t was e n t ir e ly  in fe s te d  by the  
round kind, th ree  c y s ts  were found, which were cu ltu red  
in  th e humid chamber and th e form of spores n oted . These 
spores were o f  s im ila r  shape to  th o se  of th e c y l in d r ic a l  
kind, but appeared somewhat sm a ller . Therefore on th e  
whole t h i s  sp e c ie s  was regarded as sep a ra te . The l i f e  
h isto ry  g iven  i s  th a t  o f th e  c y l in d r ic a l  sp e c ie s , found  
in  th e  la r v a e .
The a d u lts  were in fe c te d , but only a few a s s o c ia t in g  
p a ir s  were found. Cephalonts and. sporonts were f a i r ly  
abundant. In  con tract to  the la rv a e , many cep h alon ts, 
la rg e  and sm all, were found fr e e  in  th e  g u t. No c y s ts  
have been found so fa r .  The in fe s ta t io n  i s  however very  
sm all compared to  th a t o f the fou rth  larva . The sp e c ie s  
in  the ad u lt v/as probably th e  same as th a t in  th e la rv a , 
but was not id e n t i f ie d  fo r  c e r ta in .
Table XV g iv e s  th e in c id en ce  o f in fe c t io n  in  the  
variou s s ta g e s  o f th e h o s t .
While studying t h i s  gregarine in  C. fe rru g in e u s , th e  
la rvae  o f C. tu r c ic u s  were a lso  examined and th e same
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Table XV. The Incidence of Cephaline Gregarine in the Stages 
__________ of C. ferru.n^ ineus.____________________
Stage of 




in fe c te d
No, th a t  
con ta ined  
p a ir s  in  
a s so c ia tio n




1 s t I n s ta r 10 0 - -
2nd In s ta r 0 - - -
3rd In s ta r .8 8 8 -
4 th  I n s ta r 50 ‘ 50 50 47
10 7 (p a ra s i te s  
in e r t )
- -
Pupa 10 ■ 0 - —
âdult 25 23 9 -
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Table XVI> The L im its  o f th e  Ratios,^ Length of i ^ o to m e r i t e
to" T o ta l  Length (LPtTL); and Widtb o f  P ro to m e r i te  
to  Width o f  D entom erite  ( WP: WD) of th e  S po ron ts  
o f  t h e  G reg arin a  i n  C. t ^ c i c u s  and ü . f e r r u ^ in e u s .
R a tio  E s ^ e d  Q-
LP:TL 1 : 8 . 0 0  -  1 :10 .4 -0  20 1 : 6 .6 7  -  1 : 8 . 2  15
WP:WD 1 : 1 . 2 0  -  1 : 1 . 8 8  10 1 : 1 .2 5  -  1 : 1 . 8 6  10
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T a b le  XVII The T o t a l  L e n g th  i n  A s s o c i a t i o n  o f  t h e
G re g a r in a  Found i n  C. f e r r u g i n e u s  and
0 .  t u r c i c u s
Number
T o t a l  l e n g t h  i n  A s s o c i a t i o n  o f  t h e  G r e g a r in a  i n
C. f e r r u g i n e u s C. t u r c i c u s
1 1 5 4 .0 1 6 8 .0
2 1 4 3 .5 1 4 0 .0
3 1 5 7 .5 1 5 5 .8
4 1 5 5 .8 1 6 6 .2
5 ■1 3 1 .2 1 4 8 .8
6 1 4 7 .0 1 6 2 .8
7 ■ 1 5 7 .5 1 7 5 .0
8 1 5 7 .5 1 6 4 .5
9 1 4 7 .0 1 7 5 .0
10 1 5 4 .0 1 5 4 .0
11 1 5 0 .5 1 6 1 .0
12 1 4 3 .5 1 6 8 .0
13 1 4 7 .0 1 7 1 .5
14 1 5 7 .5 1 6 8 .0
15 1 4 3 .5 1 5 4 .0
16 1 7 8 .3 —
17 1 5 7 .5 —
18 1 4 3 .5 -
19 1 6 2 .8 —
20 1 8 5 .5 -
Range 131  t o  185 140 t o  175
Mean 1 5 4 .0  m ic ro n s 1 6 1 .5  m ic ro n s
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g r e g a r i n e  a p p e a r s  t o  be p a r a s i t i c ,  and  i n  s i m i l a r  num bers 
i n  t h e  f o u r t h  l a r v a l  i n s t a r s ,  w h i le  t h e  a d u l t s  a r e  much 
l e s s  i n f e c t e d .  The r a t i o s  o b t a i n e d  from  m e a su rem e n ts  o f  
s p o r o n t s  w hich  may a l s o  b e  u s e d  i n  d i s t i n g u i s h i n g  s p e c i e s  
o f  G r e g a r i n a , The m e a su re m e n ts  o f  a  few  a s s o c i a t i n g  p a i r s  
a r e  g iv e n  i n  t a b l e s  XVI an d  XVII r e s p e c t i v e l y .  T h is  i s  
t h e  f i r s t  r e c o r d  o f  a  c e p h a l i n e  g r e g a r i n e  i n  C. t u r c i c u s .
L i f e  h i s t o r y  o f  t h e  G r e g a r i n e .
E a r l y  s t a g e s .
I n  p e rm a n e n t  p r e p a r a t i o n s ,  b o th  i n  sm e a rs  and w h o le  
m o u n ts  o f  t h e  g u t ,  t h e  s t a g e  p r i o r  t o  t h e  f o r m a t i o n  o f  t h e  
e p i m e r i t e  was c l e a r .  I n  t h e  fo rm e r  t h e y  w ere s t i l l  fo u n d  
a t t a c h e d  t o  t h e  h o s t  t i s s u e ^  I n  t h e  w ho le  m oun ts  t h e s e  
c o u ld  e a s i l y  be f o c u s s e d  on , th r o u g h  t h e  t h i n  w a l l  o f  
t h e  g u t .  T h is  s t a g e  c o n s i s t s  o f  a  somewhat r e c t a n g u l a r  
c e l l  ro u n d e d  a t  en d s  and d i v i d e d  i n t o  two by a  c o n s t r i c t i o n ,  
and  so m e tim e s ,  p r o b a b l y  i n  l a t e r  s t a g e s ,  by  a  sep tu m . The 
c o n s t r i c t i o n  o r  sep tum  may be  i n  t h e  c e n t r e  o r  a b o u t  o n e -  
t h i r d  from  an  e x t r e m i t y .  The r e g i o n  o f  t h e  sep tum  i s  t h e  
w i d e s t ,  w h i le  t h e  two en d s  a r e  somewhat n a r r o w e r .  One 
h a l f ,  p r o b a b ly  t h e  f u t u r e  d e u t o m e r i t e ,  c o n t a i n s  t h e  n u c l e u s ,  
w hich  o c c u p ie s  a  g r e a t  p a r t  o f  t h e  c e n t r e .  The s t r u c t u r e  
i s  o f t e n  a t t a c h e d  t o  t h e  h o s t  by  t h e  o t h e r  h a l f ,  t h e  
p r o t o m e r i t e .  B u t so m e tim es  t h e  w hole  s t r u c t u r e  i s  
embedded i n  t h e  t i s s u e  and  no d i f f e r e n t i a t i o n  cf t h e  
a t t a c h e d  end  i s  c l e a r  and a t  t h i s  s t a g e  p r o b a b ly  t h e  
p a r a s i t e  i s  c o m p le t e ly  i n t r a c e l l u l a r .  T h is  e a r l y  s t a g e  
v/here t h e  c e p h a l i n e  g r e g a r i n e  i s  d i v i d e d  i n t o  two h a l v e s  i s  
r e f e r r e d  t o  a s  t h e  p r o t o d e u t o m e r i t e  ( G ra s s e  1953)*  The
F i g .  1 6 .  The c y l i n d r i c a l  s p e c i e s  o f  G r e g a r in a  fo u n d  i n  
t h e  l a r v a  o f  C . f e r r u g i n e u s . 1 ,2  an d  5 , p r o t o ­
d e u t o m e r i t e .  2 , s t i l l  a t t a c h e d  t o  h o s t  c e l l ;
4  an d  5 , c e p h a l o n t s ;  6 ,  s p o r o n t ;  7 , two s p o r o n t s  
i n  a s s o c i a t i o n  ( n o r m a l ) ;  8 ,  t h r e e  s p o r o n t s  i n  
a s s o c i a t i o n  ( r a r e ) .  D . -D e u to m e r i t e ,  E . - E p i m e r i t e ,  





F i g .  1 7 . S t a g e s  i n  t h e  r o t a t i o n  o f  a  p a i r  
o f  g r e g a r i n e s  i n  a s s o c i a t i o n ,  d u r in g  
t h e  p r o c e s s  o f  e n c y s tm e n t .
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F ig .  1 9 . The ro u n d  s p e c i e s  o f  G r e g a r in a  fo u n d  i n  
th e  l a r v a  o f  0 .  f e r r u g i n e u s . 1 ,  G e p h a lo n t ;  
2 , S p o ro n t ;  J ,  Two s p o r o n t s  i n  a s s o c i a t i o n ;  
4 ,  An a s s o c i a t i n g  p a i r  c o m p le t in g  r o t a t i o n  
p r i o r  t o  t h e  f o r m a t i o n  o f  c y s t .
1 5 3
e n t i r e  s t r u c t u r e  was found  to  t a k e  up o r c e in  and Gierasa 
s t a i n s ,  a s  d id  th e  d e u to m e r i te  o f  c e p h a lo n t s  and s p o ro n ts .
G e p h a lo n t .
When a t h i r d  s t r u c t u r e  becomes d i f f e r e n t i a t e d  th e  
p a r a s i t e  assumes th e  form  of a  c e p h a lo n t .  The septum 
betw een  p r o to m e r i t e  and d e u to m e r i te  i s  d i s t i n c t ,  and t h i s  
r e g io n  i s  marked e x t e r n a l l y  by a  deep c o n s t r i c t i o n .  A 
b u t to n  shaped  e p im e r i te  a p p e a rs  i n  th e  c e n t r a l  a n t e r i o r  end 
o f th e  p r o to m e r i t e .  The endoplasm o f  th e  d e u to m e r i te  i s  f i l l e d  
w ith  dense  and p ro b a b ly  l a r g e  g r a n u le s .  The n u c le u s  i s  
s p h e r i c a l  b u t  i t s  p o s i t i o n  v a r i e s ,  a l th o u g h  i t  i s  g e n e r a l ly  
found  to w a rd s  t h e  p o s t e r i o r  end. The e p i c y t e ,  i . e .  th e  
o u te r  l a y e r ,  i s  most p ro m in en t i n  th e  d e u to m e r i te .  The 
p r o to m e r i t e  c o n t a in s  few er and p ro b a b ly  f i n e r  g r a n u le s  
th a n  t h a t  o f th e  d e u to m e r i te .  The e p im e r i t e  i s  f r e e  o f  
such g r a n u le s ,  s in c e  i t  c o n s i s t s  c h i e f l y  o f  th e  ec top lasm , 
and can  be p a r t l y  w ithdraw n i n t o  t h e  p r o to m e r i t e .  The 
c e p h a lo n t  i s  a t t a c h e d  to  th e  i n t e s t i n a l  e p i th e l iu m  by 
means o f  t h i s  e p im e r i t e ,  w h ile  th e  r e s t  o f  t h e  p a r a s i t e  
hangs f r e e l y  i n  t h e  g u t .  Sometimes th e  c e p h a lo n t s  a re  
found  f r e e .
S p o ro n t .
The e p im e r i te  o f  th e  c e p h a lo n t  sometime or o th e r  b re a k s  
o f f ,  and th e  d e ta c h e d  p a r a s i t e  i s  now t h e  ^ o r o n t .  As to  
what d e te rm in e s  th e  sh ed d in g  o f  th e  e p im e r i te  i s  n o t  known. 
However an a t t a c h e d  c e p h a lo n t  m ight e a s i l y  g e t  r i d  o f  t h e  
e p im e r i t e ,  s in c e  th e  l a t t e r  i s  embedded i n  th e  h o s t  c e l l ,  
b u t  how t h i s  i s  p o s s i b l e  w h ile  f r e e  i n  th e  lumen, i n  a  
medium n o t  f i rm  enough to  o f f e r  r e s i s t a n c e  i s  d i f f i c u l t  t o  
u n d e r s ta n d .  I t  i s  p o s s i b l e  t h a t  th e y  g e t  a t t a c h e d  t o  a  c e l l
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( i f  t h i s  c a n  o c c u r  i n  a n  o l d e r  c e p h a l o n t ) ,  t o  r i d  i t s e l f  
o f  t h e  e p i m e r i t e .  O th e rw is e  i t  may be t h a t  t h e  e p i m e r i t e  i s  
r e s o r b e d ,  v/hich would be f a c i l i t a t e d  by th e  a b i l i t y  t o  
w ith d ra w  t h i s .
The d e u to m e r i t e  l e n g t h e n s  a  g r e a t  d e a l  w i th  a g e ,  and  
t a p e r s  s l i g h t l y  b u t  i s  b l u n t  a t  t h e  f r e e  en d . I t  i s  voidest 
a t  o r  n e a r  t h e  sep tu m . A s m a l l  s p h e r i c a l  s t r u c t u r e  i s  
p r e s e n t  i n  t h e  p r o t o m e r i t e ,  w hich g iv e s  t h e  im p r e s s io n  o f  
a  n u c l e u s ,  b u t  i t s  e x a c t  n a t u r e  was n o t  d e te rm in e d .  
O c c a s io n a l ly  a  s p o r o n t  t h a t  was t e a s e d  o u t  from  t h e  g u t  
becom es s e d e n ta r y  by  f i x i n g  i t s e l f  f l a t  by  th e  b a s a l  end 
o f  t h e  d e u to m e r i t e  t o  d e b r i s  o r  a n y ' s u r f a c e  p r e s e n t ,  and  
sw ays. I t  i s  c l e a r l y  a  movement, c a u s e d  by t h e  p a r a s i t e  
and n o t  by  th e  movement o f  th e  s u r ro u n d in g  medium. The 
g r e a t e s t  movement o c c u r s  i n  t h e  a n t e r i o r  r e g i o n  o f  t h e  
d e u t o m e r i t e ,  i n v o l v i n g  th e  p r o t o m e r i t e .  I n s t a n c e s  were 
s e e n  where t i n y  p a r t i c l e s  s m a ll  enough to  e x h i b i t  
b ro w n ia n  movement, f lo w in g  n e a r  t h e  p r o t o m e r i t e ,  w ere 
draw n to w a rd s  i t  by s in k i n g  th e  p r o t o m e r i t e  a lo n g  one 
s i d e  i n  j e r k s  i n t o  t h e  d e u t o m e r i t e .  Once th e  p a r t i c l e  
r e a c h e s  th e  j u n c t i o n  o f  p r o t o m e r i t e  and  d e u t o m e r i t e ,  t h e  
mcvement o f  b o th  p a r a s i t e  and p a r t i c l e  c e a s e s ,  and th e  
p a r t i c l e  s l i d e s  down t h e  s i d e  o f  t h e  d e u to m e r i t e  r a p i d l y ,  
and re m a in s  a t  t h e  t a i l  end away from  t h e  d e u t o m e r i t e .
The c a u se  o r  u se  o f  t h i s  b eh av o u r  i s  n o t  u n d e r s to o d ,  b u t  
t h e  m anner i n  which t h e  p a r t i c l e  s l i d e s  down c l e a r l y  
shows t h e  p r e s e n c e  o f  mucous o r  g e l a t i n o u s  s u b s ta n c e  on 
i t s  o u t e r  s u r f a c e .
The norm al m ethod o f  g l i d i n g  fo rw a rd  sm o o th ly ,  w i th o u t  
any  o t h e r  p e r c e p t i b l e  movements was o f t e n  o b s e rv e d .
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When t h e  g r e g a r i n e s  a r e  t e a s e d  o u t  from  t h e  g u t ,  
th e y  em erge i n  l a r g e  g r o u p s ,  b u t  so o n  t h e y  i n v a r i a b l y  
a p p e a r  i n  th e  form  o f  a  r o s e t t e ,  t h e i r  p r o t o m e r i t e  
f a c i n g  o u tw a rd s .  W hile t h e i r  t a i l  en d s  e n c lo s e  a  sp ace  
where many p a r t i c l e s  p r e s e n t  i n  t h e  medium a r e  e n t a n g le d  
by th e  g e l a t i n o u s  s u b s t a n c e .  The s p o r o n t s  a r e  g e n e r a l l y  
l i n e a r l y  d i s p o s e d  i n  t h e  lumen o f  t h e  g u t .  The r a t i o s ,  
l e n g t h  o f  p r o to m e r i t e  t o  t o t a l  l e n g t h ,  and  w id th  o f  
p r o t o m e r i t e  t o  w id th  o f  d e u t o m e r i t e ,  which i n  a d d i t i o n  
t o  t h e  d i a g n o s t i c  c h a r a c t e r s  o f  a  s p e c i e s ,  a r e  u s e f u l  
i n  i d e n t i f y i n g  s p e c i e s ,  a r e  g iv e n  i n  t a b l e  XVI.
A s s o c i a t i n g  p a i r s  o f  s p o r o n t s .
Most s p o r o n t s  a p p e a r  i n  a s s o c i a t i o n  o r  sy z y g y . T h is  
g e n e r a l l y  in v o lv e s  two s p o r o n t s ,  and t h e  p r o t o m e r i t e  o f  
one g e t s  a t t a c h e d  t o  t h e  d e u to m e r i t e  o f  a n o t h e r .  I n  so 
d o in g ,  a t  t h e  p o i n t  o f  u n io n  m ost o f  t h e  p r o t o m e r i t e  o f  
t h e  s a t e l l i t e  ( lo w e r  s p o r o n t )  g e t s  p u sh e d  i n t o  t h e  p r i m i t e  
d e u t o m e r i t e ,  l e a v i n g  a  s m a l l  p o r t i o n  o f  t h e  fo rm e r ,  and 
t h e  d e u t o m e r i t e  o f t e n  f l a p s  o v e r ,  e s p e c i a l l y  on two 
s i d e s .  I n i t i a l  p a i r i n g  i s  c a u s e d  by r o t a t o r y  movement 
o f  t h e  s p o r o n t .  I n  so d o in g  i t  o f t e n  b e n d s  i t s e l f  i n  
tw o . W hile r o t a t i n g ,  a n o th e r  s p o r o n t  may g e t  i n t o  th e  
c u r r e n t  s e t  up and g e t  p u l l e d  n e a r  t h e  r o t a t i n g  s p o r o n t ,  
and  t h e  l a t t e r  g e n e r a l l y  a t t a c h e s  i t s e l f  t o  th e  new 
s p o r o n t ,  w hich i s  g e n e r a l l y  t h e  p r i m i t e .  O f te n  t h e  
p r o t o m e r i t e  o f  t h e  r o t a t i n g  s p o r o n t  comes i n  c o n t a c t  
w i th  t h e  s i d e  o f  d e u to m e r i t e  o f  t h e  o t h e r  s p o r o n t ,  b u t  
t h e  p r o t o m e r i t e  g r a d u a l l y  s l i d e s  down a lo n g  t h e  d e u to m e r i t e  
and  g e t s  f i x e d  t o  t h e  lo w e r  end . The two s p o r o n t s  t h e n  
r o t a t e  t o g e t h e r .
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The s a t e l l i t e  shows much g r e a t e r  b e n d in g  m ovem ents, 
w h i le  t h e  p r i m i t e  u s u a l l y  r o l l s  i t s  p r o t o m e r i t e  by th e  
movement o f  t h e  d e u t o m e r i t e .  I n  v ie w  o f  th e  f a c t  t h a t  i t  
i s  t h e  s a t e l l i t e  w hich  n o rm a l ly  r o t a t e s  and f i x e s  i t s e l f  
t o  t h e  p r i m i t e ,  and  i t  i s  t h e  s a t e l l i t e  which shows g r e a t e r  
e f f o r t  t o  bend  w h i le  r o t a t i n g  t o g e t h e r ,  i t  i s  p r o b a b le  
t h a t  t h e  p r i m i t e  and  s a t e l l i t e  d i f f e r  p h y s i o l o g i c a l l y ,  
a l th o u g h  th e y  a r e  much a l i k e  m o r p h o lo g ic a l l y .
I n  one i n s t a n c e  t h r e e  s p o r o n t s  w ere fo u n d  i n  
a s s o c i a t i o n  ( F i g .  1 6 ) ,  two s m a l l e r  s a t e l l i t e s  a t t a c h e d  
t o  a  l a r g e  p r i m i t e  more o r  l e s s  i n  t h e  form  o f  an i n v e r t e d  
"Y ". T h is  s u g g e s t s  t h a t  t h e  a c t u a l  s i z e  o f  t h e  s p o r o n t  
n e e d  n o t  n e c e s s a r i l y  be t h e  c r i t e r i o n  f o r  d e t e r m in in g  t h e  
s t a g e  f o r  a s s o c i a t i o n .
P r o c e s s  o f  e n c y s tm e n t .
The p a i r  i n  a s s o c i a t i o n  c o n t in u e  i n  m o tio n ,  t h e  
s a t e l l i t e  b e in g  t h e  more a c t i v e .  The s a t e l l i t e  b e n d s  
a t  t h e  a n t e r i o r  r e g i o n  o f  i t s  d e u t o m e r i t e ,  and  a l s o  i t  
g r a d u a l l y  s h o r t e n s .  W hile i n  a d d i t i o n  t o  i t s  movements 
a t  t h e  a n t e r i o r  end , t h e  p r o t o m e r i t e  g r a d u a l l y  ben d s  
ro u n d .  The two r o t a t e  t o g e t h e r  b e n d in g  and  s h o r t e n i n g  
t i l l  t h e  p r o t o m e r i t e  o f  th e  p r i m i t e  to u c h e s  t h e  
s a t e l l i t e .  One such  p a i r  was o b s e rv e d  d u r in g  t h e  p e r io d  
o f  e n c y s tm e n t ,  and  t h e n  a t  i n t e r v a l s  t i l l  t h e  d e h i s c e n c e  
o f  t h e  c y s t .  T w e n ty - f iv e  m in u te s  a f t e r  o b s e r v a t i o n  
b e g a n ,  t h e  s a t e l l i t e  had b e n t  i n  t h e  fo rm  o f  a  hook w h i le  
th e  p r i m i t e  was b e n t  and i t s  p r o t o m e r i t e  was o n ly  a  
s h o r t  d i s t a n c e  away from  t h e  s a t e l l i t e  d e u t o m e r i t e .  A 
d i s t i n c t  l a y e r ,  t h e  b e g in n in g  o f  t h e  c y s t - w a l l  a p p e a re d  
a t  t h e  bend  o f  each  a s s o c i a t e .  I n  s e v e n  m in u te s  t h e  two
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s p o r o n t s  had u n i t e d  agan  by  w hich  t im e  t h e  w a l l  bad 
fo rm ed an a lm o s t  co m p le te  c o v e r in g .  They c o n t in u e d  
r o t a t i o n  f o r  ab o u t n i n e t y  m in u te s ,  when o b s e r v a t i o n  
was s to p p e d .  The r e s u l t i n g  s t r u c t u r e ,  ( a f t e r  co m p le te  
end t o  end u n io n )  was th e  c y s t  w i th  a  c l e a r  c e l l  w a l l .  
L a t e r  s t a g e s  a r e  d e s c r i b e d  from  o b s e r v a t i o n s  made on 
many o t h e r  c y s t s .
G ra d u a l ly  t h e  two s p o r o n t s  f i t  t o g e t h e r ,  a lo n g  
th e  c e n t r e  o f  t h e  c y s t ,  and  t h e  c e n t r a l  i n d e n t a t i o n s ,  
c a u s e d  i n  b o th  s p o r o n t s ,  f a c i n g  each  o t h e r ,  w h i le  
b e n d in g ,  m e rg in g  l a s t ,  luore s e c r e t i o n  i s  p r o b a b ly  added  
to  t h e  w a l l  a l r e a d y  fo rm e d  which r e s u l t s  i n  t h e  w id e r  
g e l a t i n o u s  e p i c y s t ,  w hich  i n  g r e g a r i n e s  i n  g e n e r a l  i s  
i n  t h e  form  o f  s p i r a l  l a y e r s  (W atson 19 I 6 ) .  C y s ts  
m e asu red  from  45 m ic ro n s  t o  60 m ic ro n s .
The d i s t i n c t i o n  b e tw een  p r o t o m e r i t e  an d  d e u to m e r i t e  
g r a d u a l l y  d i s a p p e a r s ,  b u t  a  d i s t i n c t  l i n e  i s  s e e n  
s e p a r a t i n g  t h e  two a s s o c i a t e s  now c a l l e d  g a m e to c y te s .  
T h is  l i n e  soon  d i s a p p e a r s  and  th e  c o n t e n t s  assume a 
"morula^* fo rm . A c e n t r a l  r e g i o n  o f  f a i r l y  c l e a r  
c y to p la s m  s u r ro u n d e d  by  a  c o r t e x  o f  d e n s e r  zone w ith  
a  wavy o u t l i n e  ( t h e  l a t t e r  zone w ould  c o n t a i n  t h e  
g a m e te s ) ,  can  c l e a r l y  be d i s t i n g u i s h e d .  The c e n t r a l  
c y to p la s m  w ould  be t h e  r e s u l t  o f  t h e  m erg in g  o f  t h e  
r e s i d u a l  c y to p la sm  o f  t h e  two g a m e to c y te s .  A f t e r  some 
t im e  t h i s  becom es no lo n g e r  d i s t i n g u i s h a b l e  and t h e  
c o n t e n t s  s h r i n k ,  b u t  t h e  e p i c y s t  s w e l l s .  On t h e  s u r f a c e  
o f  t h e  c y s t  w a l l  c i r c u l a r  a r e a s  -  t h e  b a s a l  d i s c s  o f  t h e  
s p o re  d u c t s  a p p e a r .  A lth o u g h  a b o u t  8 -1 2  b a s a l  d i s c s
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appear, only one sporoduct has been seen everted , and 
the spore discharged through t h i s .  A fter the sw e llin g  
of th e  e p ic y s t , the spores in  c o ile d  chain , occupy the 
centre of the c y s t ,  o cc a s io n a lly  one end o f th e chain  
extending to  th e  spore .d u c t i i t s e l f  can be seen . A fter  
fu s io n  of gametes th e nucleus of the zygote d iv id es  
th ree  tim es, r e s u lt in g  in  the o c to zo ic  ^ o r e ,  and a 
r e s is ta n t  spore w all i s  secre ted .
The spores are barrel-shaped  and emerge end to 
end, in  a long chain . The sporoduct although u su a lly  
everted , sometimes appears as a short duct w ith a very  
d is t in c t  rim, ju s t  p ro je c tin g  from th e c y s t . Sporulation  
ta k es 10-15  minutes which agrees c lo s e ly  with the  
f in d in g s  o f Ganapati and M. Devi (1954) for  a sp e c ie s  
o f G regarina. The spores soon break up from the chain  
and g et sca ttere d . The in d iv id u a l spores a c tu a lly  
show s l ig h t  movements, which o n s is t  o f a sort o f  
balancing movement end to  end. This may be a cause 
fo r  th e breaking up of the in d iv id ual spore from th e  
chain , or breaking may be e f fe c te d  by d is s o lu t io n  o f  
the se c r e tio n  which holds them to g e th er .
Each spore i s  6 microns to  6 .7  microns and 5 microns 
wide. The sp o ro zo ites  appear to  be arranged in  two 
groups (probably o f four each), with the wider ends 
towards the p o le s , and the narrower ends o f each s e t  
appear to  l i e  along a sp ir e , which can be seen very  
f a in t ly .
As i s  th e  case in  most gregarin es, mature c y s ts
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have b ee n  fo u n d  i n  th e  h o s t .  I n  t h e  p r e s e n t  s tu d y , i n  
many i n s t a n c e s  c y s t s  d e h is c e d  th e  same d ay  ( i n  f a c t  
w i th in  a  few  h o u r s ) ,  a f t e r  rem o v a l from  th e  h o s t ,  w hich  
s u g g e s ts  th e  p r o b a b i l i t y  o f  a n t o i n f e c t i o n .
The duration o f encystment through cyst-developm ent, 
to  l ib e r a t io n  o f spores (a t  28 + 1^ C and 100% R.H.) i s  
given  in  ta b le  XVIII.
D iscu ss io n .
The sp ec ie s  d escrib ed  i s  reported  in  C. ferru gineus  
fo r  th e  f l is t  tim e. The gregarine th a t was described  by 
P oerster ( I 958) from the a d u lt G. ferru gin eu s i s  not the  
same ^ e c i e s  which i s  knovm on comparing the len g th s o f  
th e  ^ o r o n ts . Moreover, i t  i s  apparently not o f  the  
genus Gregarina s in ce  he says "die runden Cysten bi l den 
keine Sporodukte aus" (p . 192 ). P ro fessor  Tuzet ( in  a 
p r iv a te  communication) su ggests  th a t Gregarina laem ophloei 
i s  probably a Hermocystis ch a racter ised  by th e cyst  
d eh isc in g  by sim ple rupture. She a lso  p o in ts  out th a t  
a sp e c ie s  of Gregarina was described  by Crawley (1905), 
as H irm o cy stis-o v a lis  from the in te s t in e  o f a cucu jid  
la rv a , which c e r ta in ly  d id  not harbour young forms in  
a sso c ia t io n  or conta in  such large  numbers, which Watson 
( I 9 I 6 ) named la te r  as Gregarina o v a lis  (Crawley) Watson.
Therefore P rofessor Tuzet suggested  the p o s s ib i l i t y  
of t h i s  gregarine being the same; apparently from th e  
resemblance of the sporonts. U nfortunately the "round
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s p e c ie s "  r e f e r r e d  to  e a r l i e r  was n o t  s e n t  t o  be i d e n t i f i e d ,  
s in c e  i t  bad n o t  b e e n  s tu d i e d  i n  d e t a i l .  But t h i s  ro u n d  
s p e c ie s  i s  v e ry  d i s t i n c t  from  th e  c y l i n d r i c a l  s p e c ie s  
a s  may be s e e n  from  f i g u r e s  16 and 19 , and p o s s i b l y  
t h e  s p e c ie s  r e f e r r e d  t o  by  C raw ley  and W atson may w e ll  
b e  t h i s  ro u n d  s p e c i e s .
However on a c c o u n t o f  t h e  in c o m p le te  s tu d y  o f  th e  
" ro u n d  s p e c ie s "  i t s  i d e n t i t y  and  t h a t  o f  t h e  c y l i n d r i c a l  
s p e c ie s  i s  l e f t  to  be  c o n f irm e d  by  f u r t h e r  s tu d y .  I f  
th e  c y l i n d r i c a l  s p e c ie s  p ro v e s  to  be d i s t i n c t ,  i t  w ould 
a u t o m a t i c a l ly  be named G re g a r in a  la e m o p h lo e i,  when t h e  
i d e n t i t y  o f  P o e r s t e r ’ s G re g a r in a  la e m o p h lo e i i s  d e te rm in e d  
i t  w i l l  p ro b a b ly  become H irm o c y s t is  la e m o p h lo e i .
As P r o f e s s o r  T u ze t comments " I I  e s t  am usant de 
re m a rq u e r  que l e  p re m ie r  p a r a s i t e  nomme G re g a r in a  la e m o p h lo e i 
e s t  p ro b a b le m e n t un  H irm o c y s t is  (p a s  de s p o ro d u c ts )  e t  
que l a  deux ièm e, nommee p r im it iv e m e n t  H irm o c y s tis  o v a l i s  
d e v ie n t  G re g a r in a  o v a l i s " .
The s tu d y  o f  t h e  l i f e  h i s t o r y  o f  t h e  g r e g a r in e  
d e s c r ib e d  show s, i t  b e lo n g s  to  t h e  gen u s G re g a r in a  
(D u fo u r ) , b e c a u se  o f  t h e  g lo b u la r  e p im e r i t e ,  b i - a s s o c i a t i v e  
s p o r o n ts ,  d o lio fo rm  s p o r e s  i n  c h a in ,  and  above a l l  t h e  
p r e s e n c e  o f  s p o ro d ù c ts  f o r  th e  d e h is c e n c e  o f  s p o r e s .
The c h a r a c t e r i s t i c s  o f  t h e  s p e c ie s  a r e ,  s im p le  g lo b u la r  
e p im e r i t e ;  p r o to m e r i t e  w id e s t  a t  sep tum , and n a r ro w in g  
to w a rd s  ap ex ; d e u to m e r i te  g e n e r a l ly  w id e s t  n e a r  the 
sep tu m , b l u n t l y  ro u n d ed  a t  th e  p o s t e r i o r  en d . N u c le u s  
v i s i b l e  b o th  i n  f r e s h  and  s t a i n e d  p r e p a r a t i o n s ,  b u t  i t s
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p o s it io n  i s  variab le . Maximum length of sporont recorded 
i s  121 microns. A ssociation  in  p a irs , protomerite of s a t e l l i t e  
f i t t in g  into the deutomerite o f prim ite, leaving a portion  
of former uncovered. Maximum to ta l length in  a ssocia tion  
I85.5  microns. Cysts almost a complete sphere. Sporoducts 
8-12 in  number. Spores dolioform measuring 6 microns to  
6 .7  microns,extruded in  chain.
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Preference of C, turcicus and C. ferrueineus, giving
the Number of Insects found in each llange of IL.E.
at Five Minute Intervals.
Species C, turcicus C. ferruginous
Range of




0 k 4 4 4 4 4 4 4 4 4
5 4 7 5 5 1 2 4 3 9 2
10 2 7 6 4 1 1 2 3 11 3
15 2 3 10 5 0 2 3 4 9 2
20 1 2 12 4 1 1 2 4 10 3
No. 2
0 4 4 4 4 4 4 4 4 4 4
5 5 7 5 4 1 3 3 4 8 2
10 2 5 7 5 1 2 2 5 10 1
15 1 6 11 2 0 1 2 3 11 3





17 39 69 30 5 13 19 30 81 17
1 7 2
Results of the Experiment (No. Ill) on the Humidity Preference 
of C. turcicus and C. ferruginous, giving the Number of Insects 
Found in each Range of R.H. at Five Minute Intervals.
Species C. turcicus C. ferruginous
Range of 




0 3 3 3 3 3 3 3 3
5 2 4 4 o 1 2 7 2
10 2 5 3 2 2 3 5 2
15 1 6 1 4 1 3 5 3
20 1 7 0 4 0 1 8 3
No. 2
0 3 3 3 3 3 3 3 3
5 3 4. 4 1 2 3 5 2
10 3 5 1 3 .1 2 8 1
15 2 6 2 2 2 1 7 2
20 2 6 1 3 1 2 6 3
No. 3
0 3 3 3 3 3 3 3 3
5 5 1 4 2 2 2 7 1
10 4 3 2 3 1 2 6 3






















THE EGG TO APDIT PERIOD IN BA.ÏS AT 32,5°C
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60^ R.H. 80% R.H.








e,T, C.F. C.T. C.F, C,T. C.F. C.T. C.F. C.T. C.F. C.T. C.F
Sample 1. 31 38 33 33 34 28 28 23 24 25
2, 29 39 26 29 37 26 24 21 38 25
3. 30 31 28 37 25 25 20 36 26
4 . 31 25 32 35 26 32 20 37 22
5. 28 26 31 26 24 27 19 27
6. 29 29 29 27 24 18 25
7. >> 31 28 31 24 29 21 25•H •H
8. 5 30 31 3 28 26 37 18 24u
9. i 27 28 i 28 28 22 26
10, oofH 31 32 i 27 22 24
11, 32 28 28 21 23
12, 29 27 21
13. 22
14. 22
Foot Note: CT = C. tu rc ic u s ,
CF « G. fe rru g in o u s .
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The Egg to Adult Period in Days at 27.5° C.
60^ ^ R.H. 80^ R.H.
Food Flour Crushed Whole Flour Crushed Whole
Grain Grain Grain Grain
C.T. C.F. C.T. C.F. C.T. (:.F. C.T. C.F. C.T. C.F. C.T. C.F.
Sample 1. 44 42 49 44 45 35 35 32 34 39 40
2. 43 43 47 42 49 38 42 34 37 46 42
3. 41 48 47 45 44 31 32 31 33 40 39
4. 44 45 51 45 42 33 31 35 34 41 39
5. 41 45 45 40 44 36 40 32 34 41 39
6. 44 43 41 48 48 34 40 32 32 41
7. 41 47 49 44 46 32 41 34 33 42
8 . 42 43 50 42 41 38 32 33 32 41
9. 39 44 49 43 42 32 35 33 36 32
10. 37 43 46 51 44 33 37 31 32 43
11. 42 44 48 42 40 32 38 29 32 40
12. 42 45 47 42 •Hr4 36 37 36 30 39
13. 39 49 49 44 a-p 32 34 36 33 40
14. 37 47 52 43 po 37 36 35 34 36
15. 48 43 51 46 S 33 36 37 34 34
l6. 40 42 44 51 34 35 32 33 39
17. 43 44 53 39 orH 34 34 33 35 36
18. 39 47 52 40 37 39 35 38 39
19. 41 37 56 42 35 36 34 34 40
20. 40 38 36 34 34 33 41
21. 40 40 36 33 34
22. 39 37 36 34
23. 40 41 39 34
24. 37 41 33 33
25. 42 39 38 31
26. 43 41 41 35
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Tiie Egg to Adult Period in Days at 22.5 C.
60$ R.H 80$ R.H.
Crushed Whole Crushed Whole
Food Flour Grain Grain Flour Grain Grain
C.T. C.F. C.T. ].F. C.T. ].F. C.T. C.F. C.T. C.F. C.T. C.F.
Sample
1. 68 73 74 77 81 56 66 57 56 62 70
2. 69 71 76 67 81 47 67 57 59 67 67
5. 61 84 77 74 82 52 63 58 60 63 65
4. 61 80 73 70 72 51 70 63 65 75
5. 66 73 75 75 60 59 67 58 81
6. 61 68 76 77 52 61 59 59 68
7. 81 73 72 87 56 62 6l 60 64
8. 68 69 70 77 55 66 62 64
9. 69 84 73 78 53 62 80
10. 70 103 65 77 56 65 68
11. 70 95 69 80 51 75 59
12. 66 74 84 75 49 67 66
15. 68 69 70 •HrH 53 64 70
14. 68 91 78 c3-P 53 75 72
15. 70 71 73 UQ 55 62
16. 69 68 72 a 49 59
17. 69 74 71 o' 52 65
18. 72 68 67 orH 57 63
19. 63 SO 79 53 61
20. 70 84 77 57 64
21. 61 74 64 57 66
22. 72 81 70 • 59 64
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R e su lt  o f  E xperim ent I
D a lly  R ecord o f th e  Number o f  L aid  by Female
C. f e r ru g in e u s  more th a n  One Week o ld . P re v io u s ly  
M ated; D uring a Nine Day P e r io d , a t  23 0 and 73% R.H,
No. o f
th e  days
P a i r  No. 
I
F i r s t  Second T h ird  Fourth F if th  Sixth Seventh ©.ghfc h Ninth 





1 1 - 1 1  
— 1 2 — — 
1 ' -  -  -  1 




R e s u lts  o f E xperim ent I I .
D a ily  R ecord o f th e  Number of Eggs L a id  by Newly Emerged 
Female C. tu r c i c u s  (w ith  Male ) ,  D uring  th e  F i r s t  Nine 
Days a f t e r  P a i r in g  a t  25 C and 75% R.H.
No. o f  
th e  day 
a f t e r  
p a i r in g
F ir s t  Second T h ird Fourth F if th S ix th  S eventh  Eighth Ninth
P a i r  No.
I — 1
s p o i l t
egg
—  — — — 1 2
I I - - - — — - - - 1
I I I — — — 1 —
^ o llb
egg
— — — 2
IV - — - — — - - 1 1
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R e s u l ts  o f Experim ent IV .
D a ily  R ecord  o f th e  Number o f  Eggs L a id  by Fem ale:
C. f e r ru g in e u s  more th a n  One Week O ld, and P re v io u s ly  
M ated; D uring a Nine Day P e r io d , a t  23 C and  73^ RlH.
No. o f
th e  days F ir s t  Second T h ird  Fourth F if th  Sixth Seventh Eighth N in th
P a i r  No.
I 1 - 2 1 - - 1 - -
I I - 1 - 1 1 - - - 1
I I I 1 1 - - 1 1 - - 1
IV 1 - - - 1 1 - — -




R e s u l ts  o f E xperim ent V.
D a ily  R ecord  o f th e  Number o f Eggs L a id  by Newly Emerged 
Female 0 . f e r ru g in e u s  (w ith  M ale), D uring  th e  F i r s t  N ine 
Days a f t e r  P a i r in g ,  a t  23^ C and 75% R»H.
No. o f
th e  day
a f t e r
p a i r in g
F irs t  Second T hird Fourth F ifth  Sbcth Seventh Eighth N in th
P a i r  No.




II - - - - - - - 1 0








V 1 1 1 1 n o t
exam­
in e d
1
